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Thir doo\twnt i r  direuninated under the rponror- 
ship OF the IC8d.ral Aviation Administration rnQ 
the Ialtional 8eromutior and 8p.a. Adrnlaistsrtion 
in the  i n w r e s t  af inf~raartion exchange. Tha 
U.6.  Ootmmmnt arsunmr no l i a b i l i t y  for i t r  aon- 
t m t r  or urn thatreof. 
FOREWORD 
On October 16-17, 1978, FAA and NASA held a seminar to 
examine the potential utilization of the Global Positioning 
syatem (GPS) for general aviation. This format was cho~en 
to provide the broade~t posaible participation and discus- 
sion on a most challenging and difficult subject. Ba~ed on 
the material contained within this report, it appears that 
this objective was well-sakirfied. 
GPS ha8 the potential to become a single, universal 
navigation system meeting the needs of a broad variety of 
ui~ers including, but auertainly not limited to, civil aviation. 
At the same time it represent. a new technology and a new way 
of doing things, many of which have yet to be proven. Thus, 
we are faced with the difficult question uf how can we, or 
perhaps more aignificsntly, ~hould we use this emerging 
technology? 
It was not the intent of this seminar to answer these 
questions. Rather, it was intended to provide all parties 
concerned--Government, industry, and the user community-- 
with the opportunity to review their programs; express their 
views on the subject; and, hopefully, provide some insight 
as to where we go from here. It is our belief that working 
together in this way will help us find the answers and assure 
that the needs and desires of civil aviation are met in the 
safest and most efficient way possible. 
A. P. Albrecht 
~cting Associate Administrator 
for Engineering and (/ Aeronautics and Space 
Development Technology 
Federal Aviation Administration National Aeronautics and 
Space Administration 
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FAA WELCOMING ADDRESS 
A. P. Albrecht 
Deputy Associa te Adminirtrator 
f o r  Engineering and Development 
Federal  Aviation Adminirtration 
Dr.  Kramer and I would l i k e  t o  welcome you t o  t h i s  semi- 
n a r  i n  which over  t h e  next  2 day. we hope t o  examine i n  con- 
s ide rab le  depth t h e  p o t e n t i a l  app l i ca t ion  of t h e  Global 
Pos i t ion ing  System (GP6) . 
I'm s u r e  t h a t  our  d i s t i n g u i s l ~ e d  speakers  and panel man- 
b e r s  w i l l  provide a very comprehecsive look a t  t h i s  most 
i n t e r e s t i n g  sub jec t .  
Before w e  begin,  however, I would l i k e  t o  say a  few 
words about how w e  i n  t h e  av ia t ion  community perceive t h e  
problem. A t  t h e  p r e s e n t  time, navigat ion is  not  one of our 
major i ssues .  Most of  our  use r s  a r e  reasonably we l l - sa t i s f i ed  
with c u r r e n t  opera t iona l  systems, but  t h a t  doesn ' t  mean we 
don1 t have problems . 
Many uaers would l i k e  b e t t e r  navigat ion and nonprecision 
approaches t o  a i r p o r t s  a t  s i g n i f i c a n t  d i s t a n c e s  from W>R/DME 
ground s t a t i o n s .  Hel icopter  and ahort-haul a i r c r a f t  ope ra to r s  
need and must have p rec i s ion  navigat ion c a p a b i l i t y  a t  very low 
a l t i t u d e s  i n  circumstances where VOR/DME is  by no means a t  its 
best . 
User8 i n t e r e s t e d  i n  area navigat ion w i l l  i n s i s t  on 
improvements t o  VOR coverage, e s p e c i a l l y  where VOR1s  a r e  
loca ted  i n  d i f f i c u l t  t e r r a i n  and where t h e r e  a r e  unusable 
se rv ice  areas .  General av ia t ion ,  o r  t h a t  element of general  
a v i a t i o n  which t r a v e l s  over  oceans, would l i k e  a  f a r  less 
expensive way than  Omega t o  g e t  across .  Mi l i t a ry  and l a rge  
c o m e r c i a l  a i r c r a f t  ope ra to r s  and p i l o t s  would l i k e  improve- 
ments i n  a l t i m e t r y  t o  permit v e r t i c a l  sepa ra t ion  of  1,000 
f e e t  above f l i g h t  l e v e l  290. So, t h e r e  a r e  indeed problems; 
and a s  you w i l l  h e a r  l a t e r  today, we a r e  at tempting t o  a t t a c k  
many o f  t h e s e  i n  o u r  navigat ion program. 
GPS holds  t h e  promise of a  s i n g l e ,  un ive r sa l  navigatiort 
system meeting t h e  requirements of a v i a t i o n  and perhaps o ther  
modes of  t r a n s p o r t a t i o n .  The p o s s i b i l i t y  of major savings 
t o  t h r  count ry  and t o  t h e  u ~ r s  o f  such a system is important .  
NAVgTAR/OPB o f f e r s  a riel* p o s s i b i l i t y  and deserves  ou r  ~ 1 0 8 0  
s c r u t i n y ,  b u t  t h a t  s c r u t i n y  m.t be r e a l i s t i c  and hard-nosed. 
I n  o u r  view, NAVfiTA&'ikS vr any new nav iga t ion  system 
must maet one important  m i t e x i o n .  I t  must offer ua a b e t t e r  
nav iga t ion  s e r v i c e  t han  wa now en joy ,  and it must o f f e r  it t o  
t h e  largest p o s s i b l e  n u m b r  o f  pronpmctive u s e r s  i n  t ranspor -  
t a t i o n  and a t  a c o s t  no g r e a t e r  than systems w e  a r e  c u r r e n t l y  
support ing.  
FAA h a s  a number o f  p r i o r i t y  e f f o r t s  underway t o  get a t  
t h e  f ac t s - - t echn ica l ,  o p e r a t i o n a l ,  and i n s t i t u t i o n a l .  We 
hope t h a t  t h i s  seminar and o u r  j o i n t  e f f o r t .  wi th  NASA w i l l  
h e lp  i n  t h a t  e f f o r t .  ~ u r i n g  t h i s  seminar,  w e  expect  t o  cover 
r broad spectrum of i s sues .  W e  w i l l  f irst  review what Govern- 
ment i s  doing t o  examine p o t e n t i a l  c i v i l  uses  o f  NAvSTAR/GPS, 
and w e  w i l l  la ter  hea r  from t h e  t e c h n o l o g i s t s  and t h e i r  
a s p e c t s  o f  t h e  problem. Al.0, n inca  any new system impact. 
o u r  uae r  c o m u n i t y  from t e c h n i c a l ,  o p e r a t i o n a l ,  and economic 
standpoint., we w i l l  f i n d  o u t  from t h i a  c o m u n i t y  how it feels 
about GPS. And l a s t l y ,  w e  w i l l  hear  from t h e  i n d u s t r i a l  com- 
w n i t y  who s u p p l i e s  t h e  equipment needed t o  use  GPS. 
Thank you a g a i n  f o r  coming. 
NABA WELCOMING ADDRESS 
D r .  James J. Krarner 
Assoc ia te  Adminis t ra tor  
f o r  Aeronaut ics  and Bpace Technology 
Nat ional  Aeronaut ics  and Gpace Adminis t ra t ion 
It is  a p l e a s u r e  t o  a l s o  wslcome you t o  t h i 6  rsmirler.  
I t h i n k  it i s  p a r t i c u l a r l y  f i t t i n g  t h a t  NARA and FAA work 
a l o a e l y  on t h i s  p a r t i c u l a r  i s s u e  examining t h e  p o t e n t i a l  f o r  
a p p l i o a t i o n  of space - r e l a t ad  technology t o  t h e  a e r o n a u t i c a l  
m r l d .  
I am very  e n t h u s i a s t i c  about t h i s  p a r t i c u l a r  kind of 
format f o r  d i s c u s s i o n  o f  an emergent i s s u e  l i k e  NAVGTAR/GPS 
I hop. t h a t  you w i l l  mainta in  an informal  atmosphere and have 
t h e  most f r ank  and open d i scuss ion  po r s ib l e .  I th ink  t h a t  it 
is e n t i r e l y  a p p r o p r i a t e  t o  s o r t  o u t  t h e  wheat from t h e  chaff  
i n  an i s s u e  l i k e  t h i n .  
I a p p r e c i a t e  your  coming, and I hope you have a very 
good 2-day meeting. 
W E A L  A.  BLARE 
DEPUTY DIRECTOR, OFFICL OF S Y S T E N  EFIOINAERINO W A C E M E M T  
FEDERAL AVIRTZON APMINIBTRATION 
The FAA navLqation program, which forms a part of the DOT 
National Plan for Navigation, includes two major activity 
areas: those asrrociated with certitication of navigation 
systems to meet current requirements and thoae associated 
with building the data base needed to define future system 
iraprovements. 
The near-term activities include the VORTAC upgrading 
program, the develograent of the technical data base needed 
for certificaticn of LORM-C and OMEGA as a part of the 
current air navigation system, and the completion of develop- 
ment of area navigation standards. It also includes a 
realistic assessment of the operational suitability of 
Differential CXEGA to provide supplementary coverage to the 
VORTAC system in meeting rpecial user requirementr in Alaska. 
A new initiative in the near term program thit year is the 
Helicopter IFR Program, which includes, as a part of the 
overall program activity, an assessment of the operational 
suitability of the several navigation system alternatives for 
meeting helicopter navigation rcquirementr for CONUS and 
offshore operationr. 
Our future system activities include analysis of alter- 
native systtm configurations made up of system elements 
including VORTAC VOR-DME, OMEGA and Differential OMEGA, 
LORAN-C, and GPS. This analysis includes cost-benefit 
tradeoff studies, as well as technical evaluations. In 
conducting thin activity, we are placing emphasis on 
examining the potential future rcle of the Global Positioning 
System (GPS) for air navigation. 
Figure 1-1 shows the interrelationships between the near 
and far term programs. 3h.; second generation VORTAC upgrading 
program will result in a replaccner~t of the current obsolete 
equipment during the 1980-1984 time period. We fully expect 
that the ICAO nations will request extension of the VOR--DME 
protection date from 1985 to 1995, as many of the third world 
nations have only recently made, and many are now makl L ' ,  
substantial investments in both the ground and airbor;- 
portions of the system. We believe that the United States is 
likely to support this positicn. 
The offrhore and remote area activitier include the 
program8 needed to certify LORAN and W G A  for special urrr 
nredr and ocaanic area navigation in the near-zerm and to 
provide the data bare needed for determination of the 
potential role of there ryrtemm a8 a part of the future 
navigation ryrtem. In oceanic areaa, MEGA har already been 
certified a8 an updating aid to ryrtemr like Inertial and 
Doppler. Our current program encomparrer the activitier 
needed to rrtablfah the data base for certifying O W G A  am a 
primary aid for air carriers operating in oceanic areas, we 
plan to have thir latter work completed in time for a 
decirton during FY-80. 
The future ryrtemr work is keyed to completing the 
rtudier, analyrir and feasibility test8 needed to make the 
drcirion on tbe future roler of each of the ryrtem elements 
by the 1983-85 time period. After the decision ir made, we 
expect that the transitioq will take rome 10 to 15 years. 
Our coot mtudier have i p  .tcated that thir time period rerultr 
in the lawert overall c o ~ t a  to both government and usarn. 
VORTAC UPGRADING PROGRAM 
The goal of the solid-state VORTAC V O R - W E  replacement 
program is to replace obsolete VOR-DM12 and TACAN electronic 
equipment, which are up to 34 ycars ald, with new equipment. 
We expect the modernization program will reduce the current 
operations and maintcnmce costs for the VORTAC system from 
$37 million to about $16.4 million, - for an expected annual 
savings of $20.6 million. Of this, approximately 60 percent 
of tho savings will result from use of solid-state technology, 
The remaining 40 percent will derive from reduction of 
operation ard maintenance costs through use of a remote 
maintenance monitoring capability. The program will provide 
full recovery of investment costs by the late 19801s, and 
seams to us a very sound investment. 
LORAN-C 
The objective of the LORAN-C program is to determine the 
suitability of this system as a supplement to and possible 
replacement for the VOR-DME system. This program addresses 
the issues of LORAN-C signal availability and reliability; 
the performance of the LORAN-C system for en route, terminal, 
and non-precision approach operations; and the feasibility of 
developing low-cost avionics, particularly for general 
aviation. 
The activities being carried on under the LORAN-C program 
are part of a joint prgrarn between the FAA and United Stater 
Coast Guard. This joinb. effort includes establishing a 
LORAN-C data baser devel<~:rirlg a LORAN-C monitor ing system, 
evaluating various avionics equipmcnts, deveioping low-cost 
avionics equipment, developing geographical grid corractionr, 
and determining the impact of using LORAN-C navigation on air 
traffic control (ATC) and flight inspection procedures. 
There are several &operative interagency activities in 
the program to establish a data bank on LORAN-C performance. 
FAA is providing a portable ground test facility to determine 
short-term variations in LORAN-C signal stability. Thia 
facility will be used in Kupport of flljht tests at airports 
where we will be evaluating use of the LORAN-C signals for 
non-precision approaches. FAA aircraft will be used to 
gather data at airports located in the Northeast Corridor, 
offshore along the East Coastr in Alaska and along the West 
Coast. During the same time period, NASA will be examining 
the long-term variations in the LORAN-C signal to determine 
seasonal var f ati ons. 
FAA is als3 partici~ating in the overall DOT program to 
assess the utility of LORAN-C for the State of Vermont. FAA 
will be supplying & calibration system consisting of portable 
DME stations and an sssociated airborne measurement unit. A 
NAFEC aircraft will be equipped with a TDL-424 LORAN-C 
receiver as well as normal calibration equipment, and will be 
takin? data. Simultaneously, data will be gathered on the 
performanct of the low cost Teledyne TDL-711 receiver. At 
the completion of this phase of the program, comparisons will 
be made between the performance of the two receivers. The low 
cost receiver will then be installed in a Vermont Air National 
Guard aircraft, to be used in assessing the feasibility of 
defining non-precision approach procedures based on LORAN-C 
for a number of Vermont airports. 
FAA is also developing a LORAN-C monitor system which 
will provide a real-time zystsm input to FAA Flight Service 
Stations (FSS) on the status of LORAN-C stations, identifying 
stations that are unstable or off the air for maintenance, 
and providing data relating to planned outages. The FSS 
specialists will use this data to prepare Uotices to Airmen 
(NOTAMS) on the status of the various LORAN-C chains. This 
activity is currently planned for FY-1979 funding, with 
FY-1980 delivery. 
While the flight tent program is prirnari!~ to evaluatt? 
the LORAN-C signal, it will allow FAA to evaluate both the 
top-of-the-line L3RAN-C avionics, the TDL-421, arrd the 
relativly low-cort avi~~nics, the TDL-711, in a side-by-side 
cornparisolr. This will aid in the activities to develop 
av!onjcu at a lower cost than the TDL-711, f:1ur t i b j e ~ t i ~ ~  is  
to develop LORAN-C avionics suiv-able for IFF f l  i q h t  thdt *-an 
 ell in the $1.000 to $3,000 pr .ce range, 
The F!.X O:*ltti:$ ptcflrgrl: i: :o 1(:t1?.rn~ct. the r l t . 1  i t y  of 
OMEGA and Vtf;' 1.; I s d i ~ r i  t l m e f l t  *.a VOR-DUE. f t J ncl~cl~s 
activities to rJeter slne thc? suitability of OMEGA as- a !3<~le 
means of oceanic navigation ;or air carrier aircraft, the use 
of OMEGA as a remote area supplement to ,OR-DME, and the 
feasibility of developing czsy-to-use low-cost OPEGA avionics, 
with a careful eye on the lane ambiguity prob1e:n. The program 
approach is ainf lsr to that for thc LORAN-C program and 
includes the establishment of J. World-Wide OMEGA Data Bank to 
assist FAA in assessing t h ~  suitanility o: certifyinq OMEGA 
as a sole means of naviqati Jn for air carr icr aircraft when 
operating on oceariic routes, This actim~ity will include 
recording data on the quality ~f the OMEGA signal on the 
oceanic routes and also comparison of the accuracy of the 
OMEGA positions over land check points, A meeting tn 
establi~h a World-Wide OMEGA Data Bank held on August 2-3 at 
Philadelphia was at tended by a number of organizations 
representing both suppliers and ul=ers of OMEGA, As a result 
of this conference, 20 recorders for collecting data will be 
allocated such that business jets will have four, domestic 
carriers will have six, foreign carriers will have six, and 
NAFEC will have four. The degree of participation by the 
different groups is expected to be determined bv N o v e n , L ~ ? r ,  
Another act;iity in the OMEGA program is the development 
and evaluation of an CMEGA-VLF monitor system, At the present 
timer a model of the OMEGA portion of the system is available 
at NAFEC and is undergoing evaluation. This sytem builds a 
nominal archive of OMEGA signals, compares OMEGA signals 
against this archive, and detects signal outages, sudden 
iononph~ric disturbances and polar cap absorption events. It 
pr~vides warnings on poor signal-to-noise ratio signals and 
identifies the stations of choice for use in each geographical 
area ,  This information is provided to F S S i s  and centers, and 
will be passed on to the pilots through NOTAMS. We are 
planning to extend the monitor system to include VLF 
monitoring capability and later to add use of information 
from the SOLARD system - a satellite system which detects 
and reports information on solar flares. 
Since the OMEGA system operates at very low signal-to- 
noiaa ratios, one program activity has been to develop a low 
noire antenna. This antenna has received some teating on a 
National Oceanic and Atmospheric Administration (NOAA) 
aircraft! howev+?r, the time available for such testing has 
deen quite limited and the antenna is being transferred to 
the FAA Alaskan Region flight inspection aircraft for further 
testing and evaluation. Future activities under the noise 
reduction program include studies of alternative methods of 
noise reduction, further antenna research and determination 
of jmproved methods of discharging and bonding aircraft, 
An OMEGA simulator is being developed to permit rapid 
evaluation and certiSication of riew OMEGA receiver designs. 
It will simulate a variety of signal-to-noise conditions of 
the O m G A  signal as well as station failure conditions. 
This fall, we hope to start an evaluation program with 
Canada on a Differential OMEGA system. Three nondirectional 
beacons will be equipped to transmit the Differential OMEGA 
corrections to the aircraft. The evaluation will be 
conducted over the next year in the Alaskan Region, and will 
involve the FAA flight inspection Convair, a Twin Otter owne2 
by the Canadian Government, and some cooperating commercial 
aircraft operatccs. It is anticipated that six sets of 
avionics will be available for the program. 
The fu4 re program activity will include development and 
evaluation of low-cost OMEGA avionics. At the current time, 
low-cost equipment is available in the $6,000 to $8,000 price 
range. It is hoped that this amount can be reduced to the 
$3,000 to $4,000 ranga. 
HELICOPTER IFR PROGRAM 
A new start for FAA this year is a program to examine the 
special requirements of helicopters for operation within the 
air traffic control system, both within the CONUS and in 
offshore areas. The portion of this program, relating to 
navigational requirements covers the operational evaluation 
of LORAN-C and OMEGA as well as VOR-DME and UME-DME for 
operations on area navigation routes within the CONUS and on 
specially defined routes suitable for supporting offshore oil 
exploration. The program will alao examine the use of air- 
borna weather radar in conjunction with supplementary eguip- 
ment to assist in locating and making approaches to offshore 
oil rig locatione. This latter activity will examine the 
effectiveness of several techniques including active beacon 
~ y s t e m s ~  passive reflectors, corner reflectors, and a variety 
of RF lenses for this purpose. Data collection will be 
conducted using a NASA CH-53H helicopter operating along the 
area navigation routes between Boston and Washington National 
Airports. Initially, the TDL-424 LORAN-C receiver will be 
used to takc the data. Later tests will takc comparative 
data on both the TDL-424 and the lower cost TDL-711 systems. 
Another FAA effort will be data collection taken by the 
FAA/NASA helicopter operating in the offshore area in the 
vicinity of Atlantic City. The data collection system will 
simultaneously be taking data from the VOR-DME (where 
available), LORAN-C, and OMEGA systems on board the 
helicopter. 
In addition to the FAA activity, the Coast Guard will 
be operating a helicopter equipped with TDL-424 avionics 
equipment along a route between Otis Air Force Base in 
Massachusetts and Washington National Airport. Position data 
will be taken from the ARTS I11 facilities located along the 
route to assess the performance of the LORAN-C system in 
helicopter operations. 
FUTURE NAVIGATION SYSTEM REQUIREMENTS 
FAA has al.so undertaken the very difficult task of 
developing area navigation standards for the future system. 
This activity is addressing the question of defining 
requirements for systems where the characteristics of the 
error are random. Current systems such as VOR-DME, INS, 
Doppler, tend to be characterized by bias types of errors. 
The requirement work is also addressing the effect of error 
buildup during aircraft maneuvers arid the effect on the pilot 
of intermittent updating of the flisht display. The output 
of this activity will be a set of requirements which will be 
non-system specif icatien. This activity also includes 
consideration of new user requirements for increasing STOL 
and VTOL IFR operations; assessment of the benefits that 
could be derived from higher accurac:y navigation signals 
providing more complete coverage; and analysis of the system 
characteristics of potential future navigation systems. In 
conducting this activity, it is envisioned that a navigation 
management computer will become the heart of the future 
navigation system on many aircraft. Navigation will become 
exploration. The program will also examine the use of air- 
borno weather radar in conjunction with supplementary equip- 
ment to assist in locating and making approaches to offshore 
oil rig locations. This latter activity will examins the 
effectiveness of several techniques including active beacon 
systems, passive reflectors, corner reflectors, and a variety 
of RF lenses for this purpose. Data collection will be 
conducted using a NASA CH-53H helicopter operating along the 
area navigation routes between Boston and Washington National 
Airports. Initially, the TDL-424 LORAN-C receiver will be 
unad to take the data. Later tests will take comparative 
data on both the TDL-424 and the lower coat TDL-711 systems. 
Another FAA effort will be data coll~ction taken by the 
FAA/NASA helicopter operating in the offshore area in the 
vicinity of Atlantic City. The data collection system will 
simultaneously be taking data from the VOR-DME (where 
available), LORAN-C, and OMEGA systems on board the 
helicopter. 
In addition to the FAA activity, the Coast Guard will 
be operating a helicopter equipped with TDL-424 avionics 
equipment along a route between Otis Air Force Base in 
Massachusetts and Washington National Airport. Position data 
will be taken from the ARTS I11 facilities located along the 
route to assess the performance of the LORAN-C system in 
helicopter operations. 
FUTURE NAVIGATION SYSTEM REQUIREMENTS 
FAA has al.so undertaken the very difficult task of 
developing area navigation standards for the future system. 
This activity is addressing the question of defining 
requirements for systems where the characteristics of the 
error are random. Current systems such as VOR-DME, INS, 
Doppler, tend to be characterized bj bias types of errors. 
The requirement work is also addressing the effect of error 
buildup during aircraft maneuvers arid the effect on the pilot 
of intermittent updating of the flicht display. The output 
of this activity will be a set of requirements which will be 
non-system specification. This activity also includes 
consideration of new user requirements for increasing STOL 
and VTOL IFR operations; assessment of the benefits that 
could be derived from higher accuraciy navigation signals 
providing more complete coverage; arid analysis of the system 
characteristics of potential future navigation systems. In 
conducting this activity, it is envisioned that a navigation 
management computer will become the heart of the future 
navigation system on many aircraft. Navigation will become 
less route-oriented and will depend on the navigation 
computer to select different navigation sensors as the phase 
and route of flight vary. Systems providing inputs to the 
area navigation computer are expected to include VOR-DME, 
DME-DME, INS, LORAN-C, OMEGA and MLS. 
GLOBAL POSITIONING SYSTEM 
FAA has initiated an extensive program to define the 
potential future role of Global Positioning System (GPS) as 
an elsmsnt of the civil aviation navigation system. The 
United States Coast Guard (USCG) already has a program 
underway for the development and evaluation of GPS receivers 
for maritime use. The DOT is in the process of preparing an 
intermodal development plan which in turn will be coordinated 
and intedgrated with similar programs in other agencies in 
the GPS area so as a department, we are placing every 
increasing emphasis on this program. W ?  have defined the 
activities needed to address a number of institutional, cost, 
and technical problems, which must be resolved if GPS is to 
form a part of the future navigation system. 
Instituti~n~l Factors in GPS 
Since GPS is being designed as a U. S. military position 
location system, a number of institutional problems must be 
addressed before such a system can become an integral part of 
the domestic and international civil navigation system. I'd 
like to mention a few of the key issues: 
The availability of signals of adequate accuracy at all 
times, including times of stress, is perhaps the most 
important institutional factor. A preliminary evaluation of 
the GPS signals as they are currently proposed indicates that 
many of the civil requirements could probably be met with the 
clear acquisition (C/A) channel signal. Currently the 
Department of Defense is studying the questions of signal 
accuracy and availability which might be offered for civil 
navigation and has provided the results of the first portion 
of this study. If the currently hoped-for accuracy of the 
clear/acquisition signal were available at all times, except 
for conflicts involving the immediate safety of the United 
States, then GPS becomes an attractive alternative for the 
future civil navigation system. We believe the civil user 
community will be very much interested in GPS if it can offer 
a better service than current systems at a lower user cost. 
less route-oriented and will depend on the navigation 
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and intedgrated with similar programs in other agencies in 
the GPS area so as a department, we are placing every 
increasing emphasis on this program. W ?  have defined the 
activities needed to address a number of institutional, cost, 
and technical problems, which must be resolved if GPS is to 
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many of the civil requirements could probably be met with the 
clear acquisition (C/A) channel signal. Currently the 
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for conflicts involving the immediate safety of the United 
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A c lose ly  re la ted  issue is the s u i t a b i l i t y  and 
i n t e rna t i ona l  accep tab i l i ty  of a  U. S. mi l i t a ry  system for  
i n t e rna t i ona l  c i v i l  aviat ion use. 
Technical Factors  i r i  GPS 
-
While i t  is believed tha t  ~ : c s  can be b u i l t  for larqe 
a i r  c a r r i e r  a i r c r a f t  t h a t  w i l l  ,. Ism s a t i s f a c t o r i l y ,  there  
is s t i l l  a  question on the f e a s ~ . . ,  , . :y of developing low cost  
user equipment t h a t  w i l l  operate s h i i s f a c t o r i l y  w i t h  the GPS 
s igna l .  O f  p a r t i cu l a r  concern is the a b i l i t y  t o  achieve the 
necesaary accuracy fo r  non-prec is ion approaches using low-cost 
equipment, when the a i r c r a f t  is i n  a  maneuvering configurat ion 
a t  low a l t i t u d e s  i n  the terminal area. I n  t h i s  configurat ion,  
the  a i r c r a f t  is subjec t  t o  the g rea tes t  amount of ground- 
generated radio frequency interference (RFI) which is added 
t o  tha t  generated loca l ly  on the a i r c r a f t .  I t  is a l so  i n  
t h a t  environment t h a t  the a i r c r a f t  is most subjec t  t o  
multipath problems. 
Ai rc ra f t  antennas become a considr~rat ion a s  i t  is 
necessary t o  obtain su i t ab l e  signal-to-noise r a t i o s  even when 
using s a t e l l i t e s  a t  very low s a t e l l i t e  e levat ion  angles,  such 
a s  above the ho.:zon. T h i s  is necessary i n  order t o  
t rack a t  l e a s t  fcdr  s a t e l l i t e s  i n  good geometry throughout 
non-.preci.sion approaches. 
Acquisition time becomes a  consideration both on i n i t i a l  
code acquis i t ion  and on airborne reacquis i t ion  a f t e r  s igna l  
l o s s .  I t  is a l so  a  consideration when it is necessary t o  
receive ephemeris data  when picking up a new s a t e l l i t e .  T h i s  
condition w i l l  occur whenever one of the s a t e l l i t e s  required 
t o  achieve a  good pos i t ion  f i x  is jus t  coming i n t o  view over 
the  horizon. A r e la ted  issue current ly  under s t u d y  is the 
e f f e s t  of s a t e l l i t e  f a i l u r e s  on system accuracy, pa r t i cu l a r l y  
a s  i t  m i g h t  a f f e c t  a i r c r a f t  involved i n  non-precision 
approach operat ions.  
Al ternat ive  s i gna l  formats are being examined to  determine 
the  po t en t i a l  for  reducing avionics cos t .  Although some cos t  
reduct ior  appears achievable w i t h  a  d i f f e r en t  s igna l  format, 
the  change offer ing  the g rea tes t  gain seems t o  be the provi- 
s ion  of add i t iona l  power i n  the s a t e l l i t e  u t i l i z i n g  the 
cur ren t  s igna l  Eormat. 
The human f a c t o r s  area m u s t  a l s o  be considered as  the GPS 
system, by d e f i n i t i o n ,  is an area navigation system. Such a 
system represents  an increase i n  p i l o t  workload over the VOR 
system, p a r t i c u l a r l y  fo r  s i n q l s  p i l o t  IFR operat ions.  I t  
a l s o  increases  the p o s s i b i l i t y  for  blunders i n  enter ing 
way-point information. 
Use of GPS s i g n a l s  for  mere accurate  a i r c r a f t  height 
determination has beeh proposed a s  a method of reducing 
a l t i t u d e  separa t ions  above f l i g h t  l e v e l  290. While t h i s  
p o s s i b i l i t y  is being inves t iga ted ,  quest ions r e l a t i n g  t o  
adequacy of the GPS s i g n a l s  t o  provide the increased accuracy 
on a continuing b a s i s ,  p a r t i c u l a r l y  when only the c l ea r -  
acqu i s i t ion  s i g n a l  may be ava i l ab le  t o  c i v i l  users ,  have ye t  
t o  be f u l l y  answered. Analysis conducted t o  da te  tend t o  
ind ica te  t h a t  the s i g n a l s  a re  not adequate t o  perform t h i s  
funct ion.  A fu r the r  consid e ra t ion  is the problems t h a t  
conversion from a pressure referenced a l t i t u d e  measurement 
system tc an absolu te  or geometric referenced system may 
e n t a i l ,  p a r t i c u l a r l y  during the t r a n s i t i o n  period. 
An add i t iona l  technica l  f ac to r  is t h a t  of undetected 
f a i l u r e s .  I t  is poss ib le ,  i n  a system as  complex as  the GPS 
r ece ive r ,  t o  have f a i l u r e s  which w i l l  not immediately be 
detected by the l o g i c  and may n c t  be presented t o  the p i l o t .  
T h i s  a f f e c t s  the s a f e t y  of operat ions -- p a r t i c u l a r l y  those 
conducted i n  c lose  proximity t o  the ground. 
p o s t  Factors  i n  GPS 
The most s i g n i f i c a n t  cos t  is t h a t  of the avionics  for the 
majori ty  of the  genera l  av ia t ion  users .  T h i s  c o s t ,  more than 
any other cost:, w i l l  determine the a c c e p t a b i l i t y  of the GPS 
system t o  t h e  c i v i l  community. A t  the current  time, industry 
es t imates  of the production cos t s  of GPS avionics  for  general  
av ia t ion  i n d i c a t e  t h a t  such avionics  could probably bp b u i l t  
f o r  cos t s  i n  the range of $5,000 t o  $8,000. T h i s  must be 
compared t o  the  c o s t  of the cu r ren t  VOR equipment, which is  
widely used by genera l  av ia t ion ,  and is genera l ly  ava i l ab le  
a t  u n i t  c o s t s  of $900 t o  $1,400. 
Another area t h a t  m u s t  be considered is the d i s t r i b u t i o n  
of operat ions and maintenance cos t s  between the major system 
users .  Most of the cos t  s tud ies  conducted t o  da te  have 
assumed t h a t  the  Department of Defense would pay a l l  of the 
operat ions and maintenance cos t s  of the system. I f ,  however, 
GPS becomes a p a r t  of the c i v i l  navigation system, the  
quest ion of d i s t r i b u t i n g  the c o s t s  among c i v i l  and m i l i t a r y  
users ,  and p a r t i c u l a r l y  those quest ions r e l a t i n g  t o  i n t e r -  
na t iona l  agreements on cos t  sharing,  m u s t  be addressed. 
Current es t imates  ind ica te  t h a t  the opera i ions  and main- 
tenance c o s t s  may be a s  high as $100 t o  $200 mi l l ion  per 
year .  If the c i v i l  av ia t ion  community m u s t  absorb a good 
por t ion  of these ,  i t  w i l l  represent  a s i g n i f i c a n t  increase 
over t h e  operat ions and maintenance c o s t s  of the cu r ren t  
c i v i l  navigation system. Since GPS, by d e f i n i t i o n ,  is an 
area navigation system, the c o s t  of providing t h a t  c a p a b i l i t y  
m u s t  Se considered and the t r a n s i t i o n  c o s t s  of j o i n t l y  
opera t ing  two systems -- VORTAC and GPS -- f o r  the lengthy 
t r a n s i t i o n  peridd s~ilst  a l s o  be considered i n  the  cos t  s tud ies .  
Figure 1-2 shows a summary of a study conducted by FAA of 
some cf the a l t e r n a t i v e s  for the fu tu re  c i v i l  navigation 
system. The th ree  s e t s  of bars represent  the  cos t  t o  the  
system users ,  t o  the FAA and t o t a l  c o s t s  for  f i v e  d i f f e r e n t  
scenar ios .  The f i r s t  scenar io  represents  the  case of 
continued use of t h e  VOR-DME system fo r  CONUS navigat ion,  
supplemented by OMEGA f o r  oceanic navigation. The second 
scenar io  is s imi lar  t o  the f i r s t ,  b u t  adds D i f f e r e n t i a l  OMEGA 
f o r  use i n  Alaska. The t h i r d  scenar io  represents  the 
a l t e r n a t i v e  of using LORAN-C for  CONUS and OMEGA fo r  oceanic 
navigation. The four th  scenar io  represents  a GPS-only system 
and the £ i f  t:h represents  a GPS system, supplemented by 
VOR-DME f o r  general  av ia t ion  users .  
Some of the assumptions used i n  generat ing the cos t  
information include: 
o GPS rece ivers  i n i t i a l l y  would cos t  about $ 1 4 , 0 0 0 ,  
but would drop t o  $5,700 within th ree  years ,  and 
then increase a t  the r a t e  of about 1 . 9 %  per year 
t h e r e a f t e r .  
o VOR receiver  c o s t s  were assumed t o  be $1,400, which 
represents  a h i g h  q u a l i t y  general  av ia t ion  s e t ,  w i t h  
cos t s  increasing a t  about 1 . 9 %  per year.  
o LORAN-C rece ivers  i n i t i a l l y  would c o s t  $6,700, but 
would drop t o  $3,000 w i t h i n  three  years ,  and then 
increase  a t  the  r a t e  of about 1.9% per year 
t h e r e a f t e r  . 
o The replacement cycle  for  general  av ia t ion  avionics  
equipment was assumed t o  be 11 years ,  w i t h  1 4  years  
assumed for a i r  car r  i e r  equipment. 
o The operations and maintenance costs, or FAA costs, 
for the VOR system include the total ccsts of the 
VORTAC upgrading program as well as the operations 
and maintenance costs for the time period 1978 
through 2005. The LORAN-C FAA costs include the 
difference in operations and maintenance as well as 
establishment costs between those systems meeting 
maritime requirements, which are supported by the 
Coast Guard, and the additional requirements for air 
navigation. They include the cost of establ.ishing 
operating and maintaining two additional chains 
consisting of seven stations. In the case of the 
GPS scenario, it is assumed that FAA assumes none of 
the operatioris and maintenance costs of this system. 
The shaded gray areas shown on each of the bars represent 
a difference in cost which is related to the length of time 
taken to transition from the current system to the new system. 
So Ear as the system users h-e concerned, the longer the 
transition period, the less the cost. Alternatively, the 
shorter the transition period, the greater the cost. Hence, 
the shaded area for system users may be interpreted as a 
transition period of five years representing the higher cost, 
and a transition period of 15 years representing the lower 
cost. 
When one considers FAA costs, the reverse is true. The 
quicker the transition, the less the cost; the longer the 
transition, the greater the cost. The cost bars at the right 
represent the combinations of user and government costs. The 
figures show fairly clearly that GPS i s  the highest cost 
system solution for aviation. The rarll.ing stays the same if 
one assumes a 10% discount rate and 0% percent inflation, 
which is the method recommended by the Office of Management 
and Budget (OMB) . It's worth noting that the right-hand bar 
which represents a system based on GPS plus VOR-DME for 
general aviation represents a cost of about $2 billion less 
than a system based on GPS alone. This difference relates to 
the cost to the general aviation user of equipping with GPS 
receivers. 
The model used the best assumptions available on costing 
to achieve the relative system ranking shown in Figure 1-2. 
The model also provides a vehicle for determining the effect 
of varying individual cost items and hence can be used to 
establish cost targets. Figure 1-3 shows the effect of GPS 
receiver costs that are 25%, 50%, and 75% of our current best 
estimates. This indicates clearly that GPS receiver costs 
must be reduced by half to p!  vide a cost equivalent system. 
If technology would allow us to bring costs to the GPS 
receiver down by half, that same technology might also allow 
us to bring LORAN-C 9nd VOR-DME costs down by some amount, so 
this tends to be a little misleading. 
In any event, it looks to us like a cost target of about 
$2,500 for a low cost receiver, which is a reasonable value 
if we are to achieve the system where the total overall costs 
are roughly the same as our current sygtem, but I have to 
say, howevcr, that the costs to the small general aviation 
users is the difference between $2,500 and $900 and still 
represents a fairly large increase in the cc)st of navigation 
equipment to the minimum equipped users. 
GPS PROGRAM 
The program includes activities to define future civil 
navigation requirements and to evaluate the performance of 
the GPS system in meeting these requirements. It includes 
use of GPS simulators to rapidly test receiver equipment, and 
flight tests to evaluaLe the performance of existing equipment 
and to determine the noise and r3dio frequency interference 
environment as it exists at a number of airports where non- 
precision approaches are currently being conducted. 
A continuing cost analysis is being conducted on the 
various aviation navigation system alternatives. FAA has 
already completed a preliminary evaluation of alternative 
navigation systems for civil air navigation. This effort 
will be expanded in FY-1979 to examine additional alterna- 
tives particularly with respect to distribution of operating 
and maintenance costs among the civil users. FAA is 
supporting the Office of the Secretary and the Transportation 
Systems Center in cost analysis studies of various navigation 
system mixes applied not only to aviation, but also to 
maritime and land users. 
A third major effort relates to design studies for a 
low-cost GPS receiver. There are a number of activities 
associated with developing low-cost GPS user equipment, 
including the design of avionics specifically to meet the 
needs of the low-cost aviation user; an  evaluation of the 
potential of using alternative satellite navigation signal 
structures for reducing cost; a forecast of future technology 
and its potential impact on receiver cost; design and 
evaluation of low-cost antenna systems; measurement and 
analysia of radio frequency interference to determinr~ its 
effect on receiver operation; and costing of potential 
avionics designs. 
While much of the preceding material on institutional, 
technical, and coat factors raises questio~s, we believ~ that 
GPS may well play a significant role in future civil air 
navigation. In oceanic and low density traffic areas world- 
wide, we believe that there may indeed be an incentive for 
air carriers and commercial operators to carry such a system, 
since it offers a potential for the elimination of the need 
to carry systems such as INS, which currently have high main- 
tenance costs. Hence, GPS may offer a cost effective system 
for operations over as much as 90% of the earth's surface, 
Aircraft equipped with GPS will be able to utilize the 
systems within the CONUS airspace, Initially such  us^ might 
be possible in the high altitude route structure providinq n 
direct routing capability much like that available from t t i n  
INS system today. This would require no changes to c u r r e r ~ t  
ATC procedures. In the future, it might also provide the 
possibility of non-precision approaches; however, new chal  t i n.1 
and new waypoint systems will be needed which ntatch the capa- 
bilities of the SPS system. GPS may also meet some special 
user requirements, such as in offshore oil exploration. 
Initially, the cost of receiver equipment appears to be 
comparable to that of existing OMEGA receivers. For the 
longer term, particularly if the low-cost user GPS avionics 
cost goals can be met, it may also become competitive to the 
cost of LORAN-C receiver equipment. 
While we can foresee GPS in meeting these requirements, 
it is not yet clear whether GPS can meet the requj r~mcrlts f n r  
low cost user avionics, which represent the majority of t h e  
civil users within the continental United States. GPS s ~ ~ o u l r l  
not be considered as a replacement for VOR'FAC until avioriios 
are available in the $2,500 or lower price range, and ~ l r i t  i 1 
we are sure that such avionics can provide an a d r ~ c l u a t o l v  I ~ i q + l  
level of failure detection and safety. 
SATELLITE PROGRAM 
Although our discussion has focused on use of GPS for 
navigation, the FAA satellite program includes two other 
major objectives: one is to examine the potential for 
improving service in the oceanic area through their use. 
As part of this effort, a working group composed of 
representatives from government, the user community and 
international airlines has been established to define and 
redefine the requirements for improvement of oceanic 
services, and to evaluate ~ o t h  satellite and non-satellite 
alternatives for meeting these requirements. 
Our other objective is to continue to evaluate the use of 
satellites as a supplement to the domestic ATC system. 
looking at communications, navigation and surveillance 
services, primarily. and, of course, the examination of the 
role of GPS as a part of the system, 
The last point I want to cover is that the various 
satellites salesmen and proponents have told us for some time 
that they felt strongly that satellites were in ovr future. 
and that they could provide a better, cheaper system. While 
it seems probable that they could provide better services in 
the form of more continuous coverage. when we get down to the 
cheap part, that is where the whole etory seems to come 
unglued. But we are continuing to look at various concepts, 
and we hope to be starting a joint effort with NASA in the 
coming months to l o o k  at what might be done to build a system 
around GPS that is cost effective and which could possibly 
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LTC Stephen Gi lber t  
Department o f  Defense 
The Department o f  Defense h a s  bean i n v o l v e d  i n  t h e  
NAVSTAR G l ~ b a l  P o s i t i o n i n g  System program s i n c e  1973, a t  
which time o . formed t h e  GPS J o i n t  Program Office and i n i -  
t i a t e d  t h e  concep t  v a l i d a t i o n  phase .  We a r c  n e a r i n g  com- 
p l e t i o n  of t h i s  phane o f  t h e  program, and w e  a r e  ve ry  
encouraged by t h e  ten t  r e s u l t s  t o  d a t e .  
I would l i k e  t o  d i s c u s s  some o f  t h e  r a t i o n a l e  upon 
which t h e  Department o f  Defense proceeded w i t h  t h i s  program, 
why we a r e  purnu ing  a  s a t e l l i t e - b a a e d  n a v i g a t i o n  and poai -  
t i o n i n g  system. I w i l l  d i s c u s s  b r i e f l y  t h e  aystem concep t  
and t h e  s t a t u s  o f  o u r  Phase  I o r  concep t  v a l i d a t i o n  program, 
and I w i l l  g i v e  a f e w  comments on t h e  a p p l i c a t i o n  o f  t h i s  
sys tem f o r  bo th  m i l i t a r y  and c i v i l  use. 
The J o i n t  C h i e f s  o f  S t a f f  Master  NAVPLAN i s  t h e  b e s t  
s o u r c e  t h a t  w e  have  i n  t h e  Department o f  Defense t h a t  com- 
b i n e s  a l l  S e r v i c e  and  agency i n p u t s  i n t o  one document, look- 
i n g  p r i m a r i l y  a t  t h e  long-range n a v i g a t i o n  sys tems.  
Turning f i r s t  t o  t h e  c h a r a c t e r i s t i c s  c o n s i d e r e d  essen-  
t i a l  f o r  t h e  t y p i c a l  n a v i g a t i o n  and p o s i t i o n i n g  needs  o f  
t h e  Department o f  Defense,  o u r  number one requ i rement  i s  t o  
have  a  worldwide c a p a b i l i t y  t o  o p e r a t e  anywhere a t  any time. 
ALSO, w e  want o u r  u s e r s  t o  remain p a s s i v e ;  w e  want t h e  capa- 
b i l i t y  t o  deny t h e  u s e  o f  s u c h  a  sys tem t o  unau thor ized  u s e r s ;  
w e  want it t o  be  u n s a t u r a b l e j  and,  o f  c o u r s e ,  w e  want it t o  
o p e r a t e  i n  any t h e a t e r  o f  o p e r a t i o n s  and be r e s i s t a n t  t o  
n a t u r a l  d i s t u r b a n c e / h o s t i l e  a t t a c k .  We c o n s i d e r  i n t e r o p e r a -  
b i l i t y  w i t h  o u r  a l l i e s  t o  be v e r y  i m p o r t a n t ,  and w e  are  pro-  
c e e d i n g  t o  b r i n g  NATO and o t h e r  a l l i e s  i n t o  t h e  program and 
l e t  them de te rmine  f o r  themselves  t h e  b e n e f i t s  t o  be  d e r i v e d  
from such a system. Other  e s s e n t i a l  c h a r a c t e r i s t i c s  a r e  
e f f e c t i v e  r e a l - t i m e  r e s p o n s e ,  p r o v i s i o n  o f  a  common g r id  f o r  
a l l  u s e r s ,  a c c u r a c y  d u r i n g  high-energy maneuvers,  and main- 
t a i n a b i l i t y  a t  t h e  o p e r a t i n g  l e v e l .  
Also among t h e  e s r e n t i a l  c h a r a c t e r i s t i c s  a r e  con t inuous  
f i x  c a p a b i l i t y  and s e l f - c o n t a i n e d  c a p a b i l i t y  f o r  obv ious  
s t r a t e g i c  r easons .  When t a k e n  t o g e t h e r ,  t h e s e  e s s e n t i a l  
c h a r a c t e r i s t i c s  l e a d  u s  t o  conclude  t h a t  t h e r e  i s  no s i n g l e  
n a v i g a t i o n  sys tem e i t h e r  e x i s t i n g  o r  planned t h a t  can meet 
them a l l .  
The p o i n t  i s  t h a t  we a r e  d r i v i n g  toward a  h y b r i d  a p p l i -  
c a t i o n  o f  s e l f  - con ta ined  and e x t e r n a l  r a d i o n a v i g a t i o n  systems 
such  a s  t h e  NAVSTAR Glabal P o s i t i o n i n g  System t o  a c h i e v e  t h e  
a c c u r a c y  and g l o b a l  coverage  w e  r e q u i r e .  
We d o  see d e f i c i e n c i e s  today :  w e  do n o t  have g l o b a l  
coverage  and w e  c a n n o t  o p e r a t e  i n  a l l  weather  c o n d i t i o n s ;  
t h e  c o s t  and complex i ty  o f  o u r  sys tems have been growing 
and c o n t i n u e  t o  grow and t h e  number o f  sys tems  t h a t  w e  employ 
f o r  s p e c i f i c  a p p l i c a t i o n s  c o n t i n u e s  t o  grow; w e  have new and 
emerging r e q u i r e m e n t s  s u r f a c i n g  a s  t echno logy  and weapons 
sys tem r e q u i r e m e n t s  become more s t r i n g e n t  and t h e i r  accuracy  
r e q u i r e m e n t s  become more s e v e r e .  
The purpose  o f  t h e  NAVSTAR Global  P o s i t i o n i n g  System 
r rogram i s  t o  enhance  o u r  c a p a b i l i t y  on a  g l o b a l  s c a l e  t o  
d e l i v e r  weapons i n  a l l  wea the r ,  a t  any t i m e ,  and t o  s u p p o r t  
o t h e r  m i l i t a r y  o p e r a t i o n s .  We a l s o  expec t  t h i s  system t o  
r e v e r s e  t h e  t r e n d  toward p r o l i f e r a t i o n  o f  equipment and sys-  
terns d e s i g n e d  t o  meet s p e c i f i c  ancl unique requ i rements .  
The GPS sys tem concep t ,  a s  shown i n  F i g u r e  2-1, con- 
sists o f  a s a t e l l i t e  segment,  a c o n t r o l  segment,  and a  u s e r  
segment. The s a t e l l i t e  segment, when it i s  f u l l y  deployed,  
w i l l  c o n s i s t  o f  24 s a t e l l i t e s .  The c o n t r o l  segment moni to r s  
and u p d a t e s  t h e  sa te l l i t es  on a  d a i l y  b a s i s  t o  m a i n t a i n  t h e  
sys tem i n  a n  optin~um c o n f i g u r a t i o n .  The u s e r  segment spans  
t h e  e n t i r e  r e q u i r e m e n t s  o f  t h e  Department o f  Defense, and 
t h i s  i s  p r i n c i p a l l y  why a l l  t h e  S e r v i c e s  and a g e n c i e s  a r e  
d i r e c t l y  i n v o l v e d  i n  t h e  program. 
The sys tem c o n c e p t ,  a s  shown i n  F igure  2-2,  r e q u i r e s  
 continuo^,^ t r a n s m i s s i o n  o f  synchron ized  n a v i g a t i o n  s i g n a l s  
from e a c h  s a t e l l i t e ,  e a c h  o f  which c a r r i e s  i n f o r n ~ a t i o n  on 
s a t e l l i t e  ephemer i s ,  c l o c k  b i a s  e r r o r s ,  i o n o s p h e r i c  propaga- 
t i o n  c o r r e c t i o n s ,  and sys tem h e a l t h  s t a t u s .  
The u s e r  c a n  t h e n  employ a  r e l a t i v e l y  s i m p l e  q u a r t z  
o s c i l l a t o r  i n  h i s  r e c e i v e r  t o  synchron ize  h i s  own c l o c k  w i t h  
t h e  s a t e l l i t e  s i g n a l s  and measure t h e  range  t o  f o u r  s a t e l -  
l i t e s  s i m u l t a n e o u s l y  t o  de te rmine  h i s  th ree -d imens iona l  
p o s i t i o n  and sys tem t i m e .  
The a c c u r a c y  of t h e  moat complex t y p e  o f  equipment i s  
of t h e  ordex o f  1 0  meters i n  t h r e e  d imensions  a s  shotrn i n  
F i g u r e  2-3, One must unders tand t h e  c o n d i t i o n s  under which 
t h i s  t y p e  of a c c u r a c y  c a n  be ach ieved .  T h i s  i s  a p r e d i c t e d  
c a p a b i l i t y  o n  a  90 p e r c e n t  conf idence  l e v e l  f o r  a  s i n g l e  f i x  
from a n  a i r c r a f t  i n  s u b s o n i c  f l i g h t ,  s t r a i g h t  and l e v e l ,  
u n a c c e l e r a t e d  motion u s i n g  t h e  most s o p h i s t i c a t e d  type  o f  
equipment.  T h i s  i s  germane t o  t h e  s u b j e c t  o f  t h i s  seminar  
becauae I b e l i e v e  sys tem c a p a b i l i t i e s  and u s e r  r e q u i r e m e n t s  
must h e  s p e c i f i e d  i n  t h e  same c o n t e x t  ( i - e , ,  Unc?er what con- 
d i t i o n s  c a n  a g i v e n  l e v e l  o f  accuracy  be a c h i e v e d ? ) .  
The s c h e d u l e  t h a t  w e  a re  fo l lowing  and w e  hope t o  main- 
t a i n  th roughou t  t h e  n e x t  s e v e r a l  y e a r s  i s  shown i n  F igure  
2-4. I mentioned t h a t  w e  a r e  i n  t h e  concep t  v a l i d a t i o n  
phase  and have been s i n c e  l a t e  1973. The Defense Systems 
A c q u i s i t i o n  Review Counci l  (DSARC) reviewed t h e  program 
p r o g r e s s  a t  a b o u t  t h i s  time l a s t  y e a r ,  w i t h  a p o s i t i v e  dec i -  
s i o n  t o  c o n t i n u e  t h e  program th rough  t h e  n e x t  major  mile- 
s t o n e .  T h i s  m i l e s t o n e ,  scheduled  in t h e  s p r i n g  o f  1979, 
w i l l  de te rmine  whe?kor o r  n o t  t h e  progran  w i l l  e n t e r  i n t o  
f u l l - s c a l e  e n g i n e e r i n g  development.  Thi s i m p l i e s  a commit- 
ment t o  dep loy  t h e  system a t  a  l a t e r  d a t e .  
The second phase o f  t h e  program, i f  approved, w i l l  ccn- 
t i n u e  on w i t h  sys tem t e s t i n g  on a n  e n g i n e e r i n g  development 
l eve l  and i n i t i a l  o p e r a t i o n a l  test  and e v a l u a t i o n  and proceed 
on beyond 1982 i n t o  t h e  o p e r a t i o n a l  deployment of t h e  space  
segment,  t h e  c o n t r o l  segment,  and o f  c o u r s e  t h e  u s e r  equip-  
ment f o r  a l l  DOD use .  
I n  t h e  f i r s t  phase o f  t h e  program, o u r  p l a n s  i n c l u d e  
t h e  deployment of s i x  s a t e l l i t e s ,  o f  which w e  now have 
t h r e e  i n  o r b i t .  I might  p o i n t  o u t  t h a t  w e  j u s t  had t h e  
t h i r d  s u c c e s s f u l  s a t e l l i t e  l aunch ,  and s o  f a r  t h e  " b i r d "  is 
o p e r a t i n g  b e a u t i f u l l y .  I t  w i l l  be t u r n e d  o v e r  l a t e r  next  
month t o  s u p p o r t  t h e  u s e r  equ ipn~en t  t e s t i n g  a t  t h e  range .  
I n  December 1978, w e  p l a n  t o  l aunch  t h e  f o u r t h  s a t e l -  
l i t e  which w i l l  round o u t  t h e  i n i t i a l  c o n s t e l l a t i o n  w e  need 
for f o u r - s a t e l l i t e  t e s t i n g  o f  t h e  u s e r  equipment.  I n  1979, 
a n  a d d i t i o n a l  two s a t e l l i t e s  w i l l  be launched t o  f i l l  the 
complement o f  s i x  s a t e l l i t e s  r e q u i r e d  t o  s u p p o r t  t h e  Navy's 
FBM Improved Accuracy Program, and t h a t  c o n f i g u r a t i o n  o r i l l -  
be mainta ined throughour Phase I1 a s  w e l l .  
I n  Phase I11 o f  t h e  program, t h e  o p e r a t i o n a l  deploy- 
ment w i l l  b u i l d  t h e  system t o  what w e  ca l l  an  i n i t i a l  
o p e r a t i o n a l  c a p a b i l i t y  (IOC) which i s  a n  1 8 - s a t e l l i t e  
deployment.  T h i s  deployment w i l l  p rov ide  a minimum o f  f o u r  
e a t e l l i t e s  i n  view from any p o i n t  on or  n e a r  t h e  s u r f a c e  
o f  t h e  e a r t h .  The f u l l  deployment o f  2 4  s a t e l l i t e s  w i l l  
o c c u r  a b o u t  a  y e a r  l a t e r  under o u r  c u r r e n t  p l a n ,  and t h a t  
w i l l  p r o v i d e  t h e  f u l l  accuracy ,  g i v i n g  t h e  optimum geometry 
any p l a c e  on o r  n e a r  t h e  s u r f a c e  o f  t h e  e a r t h .  
I might  p o i n t  o u t  t h a t  t h e  1 8 - s a t e l l i t e  deployment i s  
t h e  minimum r e q u i r e d  t o  g i v e  4 s a t e l l i t e s  c o n t i n u o u s l y  i n  
view. The a d d i t i o n a l  s a t e l l i t e s  p rov ide  redundancy t h a t  
w i l l  a l l o w  o u t a g e s  o f  one o r  more s a t e l l i t e s  i n  t h e  system 
w i t h o u t  d e g r a d i n g  t h e  p o s i t i o n i n g  accuracy  s i g n i f i c a n t l y  
o v e r  any p o i n t  on t h e  e a r t h .  
With t h e  f u l l  deployment o f  2 4  sa te l l i tes ,  t h e  minimum 
number i n  view a t  t h e  e q u a t o r  i s  a h a t  6. A t  t h e  mid- 
l a t i t u d e s  you w i l l  see abou t  8  t o  9 s a t e l l i t e s ;  and n e a r  
t h e  p o l a r  r e g i o n s ,  up t o  11 s a t e l l i t e s  w i l l  be i n  view. 
The f i r s t  phase  o t  t h e  program h a s  t h e  f o l l o w i n g  
o b j e c k i v e s  : p r o v i d e  i n f o r m a t i o n  t o  make t h e  n e x t  d e c i s i o n ;  
v a l i d a t e  t h e  GPS c o n c e p t ;  v a l i d a t e  t h e  p r e f e r ~ e d  des ign ;  
d e f i n e  sys tem c o s t s ;  and demons t ra te  m i l i t a r y  va lue .  W e  
are do ing  t h e  n e c e s s a r y  t e s t i n g  t o  p r o v i d e  t h e  s t a t i s t i c a l  
e s t i m a t e s  o f  t o t a l  sys tem performance and u s e r  equipment 
performance and t o  e s t a b l i s h  c o s t  e s t i m a t e s  for  t h e  system. 
W e  a r e  a l s o  c o n d u c t i n g  c e r t a i n   test^ a t  t h e  Yuma range and 
e l s e w h e r e  t o  d e m o n s t r a t e  t h e  m i l i t a r y  v a l u e  o f  t h i s  system. 
I w i l l  show some of t h e  tes t  r e s u l t s  la ter .  
The program o f f i c e  i s  l o c a t e d  a t  t h e  A i r  Force  Space 
and Missile Systems O r g a n i z a t i o n  (SAMSO) under t h e  A i r  Force 
Systems Command. The program o f f i c e  h a s  in-house t h e  exper- 
t i se  o f  Army; Navy; Kar ine  Corps; Defense Management Agency; 
and,  o f  c o u r s e ,  A i r  Force  p e r s o n n e l ,  and t h e  A i r  Force  is  
t h e  e x e c u t i v e  a g e n t  f o r  DOD. 
W e  a r e ,  a s  I mentioned,  b r i n g i n g  NATO i n t o  t h e  program; 
and  w e  a r e  e x p e c t i n g  t o  see NATO r e p r e s e n t a t i v e s  w i t h i n  t h e  
program o f f i c e  i n  t h e  n e a r  f u t u r e .  The U.S.  Coas t  Guard h a s  
also e s t a b l i s h e d  l i a i s o n  wi th  t h e  GPS program o f f i c e  on 
b e h a l f  o f  t h e  Department o f  T r a n s p o r t a t i o n .  
The GPS Team i s  i l l u s t r a t e d  i n  F i g u r e  2-5. The s a t e l -  
l i t e  segment i s  be ing  developed by t h e  Rockwell Corpora t ion ,  
and t h e y  a r e  hav ing  good buccess  w i t h  t h r e e  s a t e l l i t e s  i n  
o r b i t .  
The u s e r  equipment  segment i s  b e i n g  developed by Magna- 
vox, Texas I n s t r u m e n t s ,  and Rockwell-Collins.  The c o n t r o l  
s t a t i o n  f o r  GPS i s  b e i n g  developed by General  Dynamics 
Electronics D i v i s i o n .  
The Phase I l a u n c h  v e h i c l e  i s  t h e  A t l a s  F, u s i n g  a n  
upper s t a g e  developed by F a i r c h i l d ,  which h a s  so fax pe r -  
formed f l a w l e s s l y .  
The i n v e r t e d  r a n g e  shown a t  t h e  bottom o f  F igure  2-6 
i s  t h e  h e a r t  o f  o u r  test progran;, and I w i l l  go a l i t t l e  
deeper  i n t o  t h a t  f u n c t i o n .  
The i n v e r t e d  r a n g e  was e s t a b l i s h e d  t o  a l l o w  u s  t o  test 
u s e r  equipment  b e f o r e  w e  launched any s a t e l l i t e s .  K e  
deployed f o u r  ground-based t r a n s m i t t e r s  t h a t  t r a n s m i t  con- 
t i n u o u s  s i g n a l s  t o  t h e  u s e r  t o  s i m u l a t e  t h e  s a t e l l i t e s .  The 
u s e r  c a n  t h e n  f l y  o v e r  t h e  t r a n s m i t t e r s  i n s t e a d  o f  under  
them as t h e y  would w i t h  s a t e l l i t e s  and hence t h e  " i n v e r t e d  
range. " 
A l s o  deployed on  t h e  range  i s  a  ve ry  p r e c i s e  system o f  
l a s e r  t r a c k e r s  t h a t  p r o v i d e  n e a r  r e a l - t i m e  c a p a b i l i t y  f o r  
t r a j e c t o r y  e s t i m a t e s  t o  compare t o  t h e  NAVSTAR s o l u t i o n .  
T h a t  range  h a s  been  i n  f u l l  o p e r a t i o n  f o r  abou t  a  
yea r  a n d  h a s  p rov ided  e x c e l l e n t  s u p p o r t  t o  t h e  t es t  proqram. 
T y p i c a l  r e s u l t s  o n  a n  a i r c r a f t  m i s s i o n ,  f o r  example, are i n  
t h e  neighborhood o f  1 0  t o  2 0  meters, i n  3 d i n ~ n s i o n s .  
F i g u r e  2-7 shows a  p i c t u r e  o f  t h e  Rockwell s a t e l l i t e  i n  
the rmal  vacuum t e s t i n g .  The t h r e e  s a t e l l i t e s  t h a t  a r e  i n  
o r b i t  and  t h a t  have been t u r n e d  over  f o r  t e s t i n g  a r e  p rov jd -  
iny  s i g n a l  power l e v e l s  a t  l e a s t  4 t o  5 dB above t h e  nominal 
s p e c i f i c a t i o n  v a l u e .  W e  a r e  l o o k i n g  a t  t h e  p o s s i b i l i t y  o f  
i n c r e a s i n g  t h e  power even f u r t h e r  beyond t h a t  p o i n t ,  pe r -  
haps a n o t h e r  2 t o  5 dB. T h i s  w i l l  have a  s i g n i f i c a n t  impact 
both o n  t h e  s y s t e m ' s  m i l i t a r y  u t i l i t y  and i n  t h e  jamming 
environrrtent and t o  i t s  p o t e n t i a l  c i v i l  u t i l i t y  by a l l o w i n g  
less e x p e n s i v e  equipment  t o  be manufactured.  
The GPS u s e r  equipment ,  o f  c o u r s e ,  i s  t h e  major t h r u s t  
o f  t h e  program. F i s u r e  2-8 shows t h e  s i x  c l a s s e s  o f  equip-  
ment t h a t  were o r i g i n a l l y  i d e n t i f i e d  by t h e  S e r v i c e s  and 
a g e n c i e s  i n  DOD. They g e n e r a l l y  span t h e  t y p e s  o f  equipment 
t h a t  o p e r a t e  i n  t h e  h igh-  j amming and/or high-dynamic env i ron-  
ment, a class f o r  u t i l i t y  n a v i g a t i o n  purposes ,  a c l a s s  fo r  
t h e  ground v e h i c l e s  which may b e  s p i n o f f s  o f  t h e  o t h e r  ver- 
s i o n s ,  VANPACKS, and a s p e c i a l  c l a s s  f o r  submarines.  
T y p i c a l l y ,  a l l  t h e s e  equigrnents f a l l  i n t o  t h r e e  b a s i c  
c a t e g o r i e s .  There i s t h e  mul t i channe l  c o n t i n u o u s  r e c e i v e r  
and t h e  s i n g l e -  o r  dual -channel  s e q u e n t i a l  receivers, t h e  
d x f f e r e n c c  b e i n g  t h e  mode i n  which f o u r  s a t e J . l i t e s  a r e  
t r i c k e d  by  t h e  r e c e i v e r .  The t h i r d  t y p e  o f  r e c e i v e r  u s e s  
o n l y  t h e  s o - c a l l e d  l l c o a r s e / a c q u i s i t i o n w  s i g n a l  f o r  naviga-  
t i o n .  The c o a r s e / a c q u i s i t i o n  s i g n a l  was i n i t i a l l y  in tended  
as a n  a i d  t o  a c q u i r e  t h e  pxec j  se (P)  s i g n a l ;  b u t  it became 
obv ious  t h a t  o n c e  you p u t  t h e  n a v i g a t i o n  data on t h e  c o a r s e  
s i g n a l ,  equipment  cou ld  b e  developed t h a t  employs j u s t  t h a t  
d a t a .  Although it i s  n o t  n e c e s s a r i l y  a s  a c c u r a t e  a s  t h e  
p r e c i s e  s i g n a l ,  t h e  c o a r s e / a c q u i s i t i o n  s i g n a l  p robab ly  h a s  
t h e  most p o t e n t i a l  f o r  c i v i l  use  because  o f  t h e  lower-cost 
e y u i p n ~ e n t  t h a t  it can p rov ide .  
F i g u r e  2-9 shows t h e  GPS Phase I T e s t  Elements.  The 
test program h a s  pxoceedc:d and is  proceed ing  w i t h  a v a r i e t y  
o f  h o s t  v e h i c l e s .  ITe have done a c o n s i d e r a b l e  amount o f  
t e s t i n g  o n  h e l i c o p t e r s  and on board  t h e  NC141A, which i s  
o u r  p r i n c i p a l  t es t  bed. We a l s o  have a Navy F4-J f l y i n g  a t  
t h e  range  t o  e v a l u a t e  t h e  enhanced blind-bombing c a p a b i l i t y  
o f  Zered by GPS. 
The a d d i t i o n a l  t e s t i n g  on v a r i o u s  o t h e r  v e h i c l e s  w i l l  
b e  completed by n e x t  y e a r ,  and. t h e  r e s u l t s  o f  a l l  t h i s  test- 
i n g  w i l l  be b rough t  t o  o u r  DSARC rev iew i n  t h e  s p r i n g .  
The u s e r  equipment i s  l i s t e d  i n  F i g u r e  2-9. A l l  t h e  
u s e r  equipments  have been o r  are abou t  t o  be  d e l i v e r e d  w i t h  
t h e  e x c e p t i o n  o f  t h e  Magnavox low-cost r e c e i v e r ,  which was 
schedu led  t o  be d e l i v e r e d  l a t e r  i n  t h e  program. That  pa r -  
t i c u l a r  r e c e i v e r  i s  t h e  one w e  t h i n k  h a s  a g r e a t  a p p l i c a t i o n  
toward c i v i l  use  because  it i s  t h e  o n l y  one t h a t  o p e r a t e s  on 
t h e  c o a r s e / a c q u i s i t i o n  s i g n a l .  It  was des igned  from t h e  ou t -  
set a s  a low-cos t  r e c e i v e r  wherein w e  a c c e p t e d  degraded ascu-  
r a c y  i n  f a v o r  o f  lower c o s t .  
A l s o  shown i n  Figure 2-9 are the t s ~ t  l o c a t i o n r .  The 
p r i n c i p a l  t es t  s i te  i s  a t  t h e  Am.yv s Ywna Proving Grounds, 
where t h e  i n v e r t e d  range i s  loca ted .  
As ~hown i n  Figure  2- lop t h e  primary frequency i s  L l :  
1575.42 msgaHsrtz. On t h a t  frequency, w e  have b t t h  a 
c o a r s e / a c q u i s i t i o n  s i g n a l  and a p r e c i s e  s i g n a l  t r ansmi t t ed  
i n  phase quadra ture .  On t h e  secondary frequency, 
L£' have a cho ice  between t h e  coarue s i g n a l  o r  t h e  prec  se oig- 
n a l ,  bu t  n o t  both. This  was done p r i n c i p a l l y  a s  a measure 
to a l low u s  t o  remain on t h e  A t l a 8  F boos te r  wi thout  exceed- 
i n g  i t s  weight  l i m i t a t i o n s .  W e  ?re c u r r e n t l y  looking a t  t h e  
p o s s i b i l i t y  o f  p u t t i n g  p r e c i s e  and coa r se / acqu i8 i t i on  s ig -  
n a l s  on bo th  f requenc ies .  
Another f e a t u r e  h e r e  i s  t h e  increaeed power l e v e l  t h a t  
I suggested e a r l i e r .  One o f  t h e  major q u e s t i o n s  t h a t  must 
be reso lved  i s  t h e  propor t ion  of increased  power t o  be 
appl ied  t o  t h e  p r e c i a e  s i g n a l  tt g ive  higher  an t i j am capa- 
b i l i t y  o r  t o  t h e  coa r se / acqu i s i t i on  s i g n a l  t o  g ive  lower- 
cost c i v i l  user equipment. An i n t e r e s t i n g  ques t ion .  It 
may be t h a t  w e  c a n  s p l i t  t h e  power i n  some way t o  do both. 
These p o s s i b i l i t i e s  are being inves t iga t ed .  W e  don ' t  have 
t h e  answers y e t ,  b u t  w e  c e r t a i n l y  are looking a t  them. 
Figure  2-11 i s  t h e  Magnavox four-channel "X setn t h a t  
has  bean t h e  workhorse on t h e  test range. 
This  set was designed us ing  of f - the-she l f  components. 
There was no i n t e n t  t o  minimize t h e  s i z e .  The b a s i c  
e n ~ e m b f e  i n v o l v e s  t h e  power supply, t h e  b a t t e r y ,  t h e  con- 
t r o l  d i s p l a y  u n i t ,  t h e  preamp1 i f  iers, and t h e  r ece ive r /  
processor  u n i t .  
The X - s e t  h a s  been i n s t a l l e d ,  as I s a i d ,  i n  s e v e r a l  
t y p e s  of veh ic l e s .  One o f  t h e  most i n t e r e s t i n g ,  I t h i n k ,  
i s  t h e  i n s t a l l a t i o n  i n  a pod underneath a Navy F4. This  
F4 has been flown by two l i n e  Navy p i l o t s  a t  a l l  times 
of day and n i g h t  on t h e  range t o  denans t r a t e  t h e  b l ind-  
bombing c a p a b i l i t y  o f  GPS . 
Figure  2-12, which shows a p i c t u r e  o f  t h e  ho le s  i n  t h e  
ground, speaks  f o r  i t s e l f .  
The m i l i t a r y  a p p l i c a t i o n s  for  t.he NAVSTAF Global Posi- 
t i o n i n g  Syrtem span  a wide v a r i e t y  o f  environments. Shown 
i n  F igure  2-13 i s  j u s t  a p a r t i a l  l is t  o f  t hose  a p p l i c a t i o n s ,  
The h i g h l i g h t e d  a p p l  i c a t  ion8  wi th  boxer around them dea l  
d i r e c t l y  w i t h  weapons d e l i v e r y  and t h e  t a r g e t i n g  end mapping 
r equ i r ed  t o  do p r e c i s e  weapons d e l i v e r y .  
It  i s  i n t e r e s t i n g  t o  n o t e  t h a t  t h e  p o t e n t i a l  c i v i l  a p p l i -  
c a t i o n ~  have a v e r y  similar type  o f  l i s t i n g  a s  shown i n  Fig- 
u r e  2-14. Taking o u t  t h e  weapon8 d e l i v e r y ,  you s t i l l  have 
t h e  requirements  f o r  en r o u t e  nav iga t ion ,  t i m e  t r a n s f e r ,  a r ea  
nav iga t ion ,  a p p l i c a t i o n  t o  a i r  t r a f f i c  c o n t r o l ,  e t  c e t e r a .  1 
d o n ' t  i n t end  t o  go i n t o  a l l  t h e s e  i n  d e t a i l ,  but  I th ink  t h e  
p o i n t  is  t h a t  a  system l i k e  GPS c e r t a i n l y  has  both c i v i l  and 
m i l i t a r y  a p p l i c a t i o n s .  
I t h i n k  t h i s  p o t e n t i a l  ha s  been demonsi-.rateci by t h e  cur-  
r e n t  a c t i v i t y  w i t h i n  t h e  Federal  Government. The GAO report 
t h a t  you are probably a l l  f a m i l i a r  wi th  e n t i t l e d  "Navigation 
Planning - Need f o r  a New D i rec t ion"  and t h e  Of f i ce  o f  T e l e -  
communications P o l i c y  r e p o r t  e n t i t l e d  "Federal  Radio Naviga- 
t i o n  System Plann  bo th  proposed a mix of systems inc lud ing  
a s a t e l l i t e - b a s e d  system l i k e  NAVSTAR GPS t o  meet m i l i t a r y /  
c i v i l i a n  r ad ionav iga t ion  needs of  t h e  fu tu re .  
The House Appropr ia t ions  Corn i t t ee  Surveys and I n v e s t i  - 
g a t i o n  S t a f f  i s  c u r r e n t l y  involved with  DOD and o t h e r s  t o  
s tudy  p o s i t i o n  l o c a t i o n  technology,  which i s  a look a t  t h e  
e n t i r e  spectrum o f  p o s i t i o n  nav iga t ion  and o t h e r  a n c i l l a r y  
f u n c t i o n s  a s s o c i a t e d  wi th  navit jzt jon.  
The l a t e s t  r e v i s i o n  o f  t h e  Departvent ~f Trarisporta- 
t i o n ' s  Nat iona l  P l an  f o r  Navigation recocjnizccl c l e a r l y  t h a t  
GPS was corning, s+ 7 t i n g  t h a t  w e  need t o  look a t  t h e  appl i -  
c a t i o n  o f  t h i s  system a s  a p o t e n t i a l  replacentent  f o r  var ious  
o t h e r  systems. The J o i n t  Chiefs  o f  S t a f f ' s  Master Naviga- 
t i o n  Plan d e s c r i b e s  a p lan  f o r  t h e  i nco rpo ra t ion  o f  IJAVETAR/ 
GPS i n t o  t h e  m i l i t a r ~ .  The DOD i n i t i a t e d  s e v e r a l  months 
ago a so -ca l l ed  phase-in/phase-out p lan t o  e s t a b l i s h  a con- 
s o l i d a t e d  phase-in schedule f o r  GPS and a phase-out of  those  
systems t h a t  can be replaced by GPS wi th in  t h e  DOD. 
Most r e c e n t l y ,  w e  have been involved wi th  o t h e r  agencies  
i n  t h e  Fede ra l  Government i n  a working group cha i r ed  j o i n t l y  
by t h e  O f f i c e  of  Management and Budget and t h e  Department of 
Commerce Nat iona l  Talecorrtmunicationr and Information 
Adminis t ra t ion (NTIA)  . This  working group and a l l  the  
o t h e r  a c t i v i t i e s  mentioned e a r l i a r  have GPS p r e t t y  m c h  
a# t h e i r  c e n t r a l  theme, The quent ion o f  GPS and i t s  
p o t e n t i a l  c i v i l  a p p l i c a t i o n  i s  being addressed.  We a r c  
proceeding t o  look a t  t h o  i r r u e s ,  t o  go t  them on t h e  t a b l e ;  
and we a r e  t r y i n g  t o  d e a l  wi th  the  t e c h n i c a l  and i n s t i t u -  
t i o n a l  que r t i onu  t h a t  must be answered be fo re  t h i s  nynterr 
can b e  considered a  n a t i o n a l  resource .  
DOD, f o r  example, has  f o r  t h e  p a s t  s e v e r a l  y e a r s  had a  
r t r u c t u r e  w i t h i n  t h e  O f f i c e  o f  t h e  Sec re t a ry  o f  Defense t o  
look a t  t o t a l  m i l i t a r y  needs i n  both  nav iga t ion  and t h e  
more broad f u n c t i o n  o f  combined communications, nav iga t ion ,  
and i d e n t i f i c a t i o n  func t ions .  There subcommitteee report 
d i r e c t l y  t o  o u r  DOD P o s i t i o n i n g  and Navigation Executive 
Committee c h a i r e d  by D r .  Dinnaen. 
Figure 2-15 l i s t s  "What's Next" i n  DOD, One of t h e  
b i g g e s t  i s a u e s  f a c i n g  us today  i s  t h e  q u e s t i o n  of  how much 
of the GPS c a p a b i l i t y  w i l l  b e  made a v a i l a b l e  f o r  c i v i l  use, 
For t h e  p a r t  s e v e r a l  months, we have been conduct ing an 
in-depth s t u d y  o f  t h e  threat  and t h e  e x p l o i t a t i o n  p o t a n t i a l  
of  GPS. We have f o r  many y e a r s  been i n v e s t i g a t i n g  t h e  tech- 
n iques  by which one coc ld  i n  fact deny and/or degrade t h e  
accuracy o f  GPS t o  unauthor ized users. 
These  investigation^ w i l l  be reviewed dur ing  t h e  
DSARC-I1 d e c i s i o n  mi les tone  and w i l l  form t h e  b a s i s  f o r  a 
DOD p o s i t i o n  w i t h  regard  t o  system a v a i l a b i l i t y  f o r  c i v i l  
and i n t e r n a t i o n a l  uae. 
I n  forming t h i s  p o s i t i o n ,  w e  a r e  working with  t h e  
Department of Transpor t a t i on  t o  e s t a b l i s h  c i v i l  u se r  r equ i r e -  
ments and t h e  p o t e n t i a l  u se r  population f o r  v a r i o u s  l e v e l s  o f  
accuracy.  The requi rements  and t h e  u se r  popula t ion  a t  v a r i -  
ous l e v e l s  o f  accuracy  w i l l  be  very important  parameters t o  
t h e  f i n a l  d e c i s i o n  on s i g n a l  a v a i l a b i l i t y .  I be l i eve  t h i s  
i s s u e  w i l l  end up being e s t a b l i s h e d  a s  a n a t i o n a l  p o l i c y  
for sa t e l l i t e  nav iga t ion  and p o s i t i o n i n g  systems, n o t  l i m i t e d  
just t o  GPSw 
I n  summary, w e  have, I t h i n k ,  a very meanir~gful  t e s t  
program underway. The t e s t i n g  has  gone w e l l  t o  t h i s  poinc, 
and w e  have reason t o  b e l i e v e  it w i l l  con t inue  t o  go w e l l .  
For t h a t  reason,  I t h i n k  t h a t  t h e r e  i s  every reason t o  
b r l i e v a  t h a t  GPS w i l l ,  i n  f a c t ,  bs deployed wi th in  t h e  next 
5 t o  1 0  years .  Our c u r r a n t  p lan c a l l s  f o r  having it a v a i l -  
a b l e  by t h e  1985-1986 time frame. We sea  t h a t  t h e r e  is a  
g r e a t  p o t e n t i a l  f o r  c i v i l   application^, and we i n  DOD a r e  
working ve ry  c l o s e l y  w i t h  every r e spons ib l e  Government agency 
a t  t h i s  t i m e  t o  an ru re  t h a t  they have w f u l l  o p p o r t u n i t y  t o  
e v a l u a t e  t h e  sys tem's  c a p a b i l i t i e s .  
UESTION (Mr. Edward C. Kruplnnki, A i r  Line P i l o t s  
- I am n o t  r e a l  c l e a r  on t h e  o v e r a l l  des ign  
c a p a b i l i t y  o f  t h e  ryrtem. I n  terms of  communications and 
s u r v e i l l a n c e ,  i r  t h a r a  any c a p a b i l i t y  t o  t h a t  degree? 
ANSWER - There i s  no communication func t ion  inhe ren t  
i n  th-A~ syrtem. It  i s  s t r i c t l y  a  p o s i t i o n i n g  and 
nav iga t ion  system. 
QUESTION ( M r .  Krupinski)  - Your l i s t  o f  p o t e n t i a l  c i v i l  
a p p l i c a t i o n s  (Figure  2-13) showed a p o t e n t i a l  f o r  a i r  t r a f f i c  
c o n t r o l .  Beyond en r o u t e  nav iga t io~ ! ,  I f a i l  t o  see any f u r t h e r  
a p p l i c a t i o n .  
ANSWER - GPS has  p o t e n t i a l  a p p l i c a t i o n  t o  t h e  f l lnction 
of  a i r f  i c  c o n t r o l  by prov id ing  a  means f o r  determining 
three-dimensional  p o s i t i o n  on a  g l o b a l  s c a l e .  I d i d  no t  
i n t end  t.o imply t h a t  GPS i s  t o  be an air t r a f f i c  c o n t r o l  
oystem. 
QUESTION ( D r .  Herman Vanolevenne, MIT) - W i l l  a  dec i -  
s i o n  be made du r ing  DSARC-I1 on t h e  a v a i l a b i l i t y  of  space, 
weight,  and power f o r  an a d d i t i o n a l  package on t h e  GPS 
sate l l i tes  f o r  p o a s i b l e  a l t e r n a t i v e  weight forms? 
ANSWER - Y e s .  W e  have been cons ide r ing  t h a t  p o s s i b i l i t y  
f o r  8- yea r s .  I n  f a c t ,  t h i s  i s  being addressed w i t h i r .  
t h e  OMB working group. It  may be t h a t  t h e  a d d i t i o n a l  power 
being considered f o r  t h e  coa r se / acqu ia i t i on  s i g n a l  may obvi- 
a te  t h e  need f o r  a  Beparate s i g n a l  format. 
QUESTION ( M r .  P e t e r  S. P. Hui, NASA/Goddard Space F l i g h t  
Cente r )  - A r e  t h e r e  any p l a n s  f o r  t h e  Phase I11 t o  ope ra t e  a 
t iming s t anda rd  t o  a hydrogen maser? 
ANSWER - Yes. W e  have i n  the program t h e  t echno logy  
n e c e r m o  b r i n g  a hydrogen maser i n t o  t h e  c o n t r o l  seg- 
ment. We have  looked a t  and a r e  s t i l l  look ing  a t  t h o  por- 
r i b i l i t y  o f  hydrogen m a r e r ~  i n  the  s a t e l l i t e s  themse lves ,  
C u r r e n t l y ,  w e  a r e  u s i n g  t h e  rubidium and p l a n  t o  go t o  
cer ium c l o c k s .  The p e r f o r m n c e  t o  d a t e  of t h o s e  c l o c k s  has 
been e x c e e d i n g l y  good; i n  some c a s e s ,  b e t t e r  t h a n  we expected .  
The q u e s t i o n  s t i l l  remains ,  Do w e  have a  r equ i rement  f o r  t h e  
hydrr)gen maser  f o r  longer- term s t a b i l i t y ,  e t  c e t e r a ?  Those 
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Bas i ca l ly ,  t h e  FAA program i s  very s t r a igh t fo rward .  
W 8  are looking a t  p o t o n t i a l  a p p l i c a t i o n s  of  t ho  Global Posi- 
t i o n i n g  System t o  c i v i l  a v i a t i o n .  I n  pursuing t h i n  effort, 
we have discovered t h a t  t h e  c l r iv i r~g fo rce  seers t o  be genc!ritl 
av i a t i on .  ft i s  t h e  purpose f o r  g e t t i n g  us t o g e t h e r  at t h i b  
conference,  an& it is where we have concentra tod noot of our 
a c t i v i t y ,  But b e f o r e  I g e t  i n t o  t h a t ,  I would l i k e  t o  g ive  
an overview o f  t h e  whole CPS program from riy stnnclpc~int ,  
GPS Program Aprroach -
F i r r t  and foremost ,  we a r e  monitoring DODts developmcnt, 
test ,  and e v a l u a t i o n  a c t i v i t i e s ,  Ye have had any number of 
meetings, bo th  h e r s  i n  Washington and out a t  SAEISO, t o  kttep 
t a b s  on w h a t  i s  happening. Ws jntend t o  monitor t h e  test. 
a c t i v i t i e s  a t  Yuma when a t  l e n s t  four s a t e l l i t e n  are up. 
Our primary e f f o r t  i s  i t ives t iydr iny  l o w - c o ~ t  uaer equip- 
ment technology, and w e  a r e  approaching t h a t  from seve ra l  
s tandpoints .  We have conducted n number o f  atud ics in-ehoilsc, 
and w e  hava had n c o n t r a c t o r ,  through SATTSO, look a t  t he  snrr~c 
quest ion.  We have a l s o  e s t a b l i s h e d  an i n t e r a g e r ~ c y  aqrcencnt 
between FAA and NASA t o  concentrate o u r  f o r c e s  i n  aCdl-canins 
t h a t  vary s u b j e c t ,  We a r e  n o t  going t o  s t o p  with  puller 
r t u d i e r .  We in t end  tcr g e t  sone a c t u a l  t c c t ~ n i c a l  and opera- 
t i o n a l  exper ience wi th  CPS, and we w i l l  do t h i s  i n  several  
ways. We a r e  n e g o t i a t i n g  t h e  loan o f  some test e q u i ~ n . c n t ,  
a c t u a l  r ece ive r s - -o i thc r  t h e  Z o r  X c lass - - to  t e s t  on F M  
a i r c r a f t .  We a r e  a l s o  going t o  develop some of  o u r  o\ni test  
equipment s o  w e  can  e v a l u t t e  t h e  concepts  and addreso sor~w 
of  t h o s e  problems t h a t  we are concerned with ,  
We are a l s o  looking  a t  p o t e n t i a l  improvements and/or 
modi f ica t ions  t o  t h e  system. B r i e f l y ,  t h e r e  have k e n  t w o  
independent s t u d i e s  on t h i s  s u b j e c t .  One was conducted by 
t h e  MITRE Corporat ion a s  p a r t  of  an o v e r a l l  ~ltucly that was 
address ing  t h e  use  o f  GPS i n  a i r  t r a f f i c  c o n t r o l ,  and the 
o t h e r  was performed by Lirlcoln Laboratory. Both studies c m c  
up w i t h  almost  i d e n t i c a l  r e s u l t s .  
My own persona l  b e l i e f  i s  t h a t  t h e r e  hals been s o  much 
investnient i n  GPS t h a t  i f  we a r c  going t o  use it, we ought 
t o  .t ick wi th  t h e  preas1.t des ign,  use t h e  CA s i g n a l ,  and do 
whatever i a  necessary  t o  make it f e a s i b l e .  
There i s  a broader  ques t ion ,  and t h a t  is, Should t h e r e  
be a un ive r sa l ,  worldwide nav iga t ion  system? We are not  
s p e c i f i c a l l y  address tng  t h a t  ques t ion .  i t h i n k  i f  w e  d i d ,  
w e  might t a k e  a d i f f e r e n t  approach. 
F ina l ly ,  w e  want t o  t r y  t o  i d e n t i f y  what technology 
development is  going t o  be needed t o  s a t i s f y  coet /perforn~ance 
requirements.  I f  vre are going t o  use  GPS, w e  need t o  answer 
such q u e s t i o n s  a s :  Where do t h e  advances have t o  be? What 
types o f  advances are needed? What i s  it that; i n d u s t r y  has 
t o  do t o  make t h i s  a c i v i l  system? 
GPS Proqrar~l Concerns 
I f  you t a k e  a s e r i o u s  look a t  GPS from t h e  c i v i l  a v i a t o r ' s  
s tani ipoint ,  you immediately f i n d  a h o s t  o f  problems which may 
be broken down i n t o  t h r e e  genera l  c a t e g o r i e s :  s igna l - to -no jse  
r a t i o ;  system performance; and cost/performancc cons ide ra t ions .  
Signal-to-Noise Rat io  - The sa te l l i t e  was no t  r'esigned 
wi th  c i v i l  a p p l i c a t i o n s  i n  mind. The s i g n a l  l e v e l s ,  t h e  s ig -  
n a l  s t r u c t u r e ,  t h e  whole system was designed f o r  m i l i t a r y  
~ p p l i c a t i o n .  The power l e v e l s  f r o n  t h e  s p a c e c r a f t  a r e  no t  
what w e  are used t o .  Fie have t o  t a k e  a d i f f e r e n t  3001: a t  
t h a t  problem. When you s t a r t  p u t t i n g  L-band antennas  on air- 
c r a f t ,  p a r t i c u l a r l y  those  t h a t  w i l l  g ive  you hemispher ical  
coverage, you au toma t i ca l ly  run i n t o  t h e  c l a s s i c a l  problem of 
t r a d i n g  beamwidth f o r  gain .  You want t h e  b roades t  coverage 
p o s s i b l e  t o  r e c e i v e  s i g n a l s  from t h e  Pow-elevation s a t e l l i t e s  
because t h a t  g i v e s  t h e  b e s t  geometry. 
A s  soon a s  you do t h a t ,  i f  you a r e  us ing a s i n g l e  antenpa,  
you r u n  i n t o  an immediate problem. The s i g n a l s  from space are 
c i r c u L a r l y  po la r i zed .  However, when t h e  a i r c r a f t  antenna views 
t h e  hor izon,  it i s  going t o  be l i n e a r l y  po la r i zed .  You throw 
away 3 dB o f f  t h e  top .  Also, i n  t r y i n g  to  g e t  t h e  coverage down 
a t  low e l e v a t i o n  ang le s ,  o v e r a l l  ga in  i s  down. I f  you t a l k  
about  p u t t i n g  m u l t i p l e  antennas  on t h e  a i r c r a f t  and using 
switching networks and combining networks, yon are s t a r t i n g  t o  
d e f e a t  t h e  purpose o f  low c o s t .  Obviously, w e  have some 
aer iouo concerns  i n  t h l ~  a rea .  
Another concern i~ j u s t  what i r  t h e  RFI envirorm~ent 
aeen by t h e  gene ra l  a v i a t i o n  a i r c r a f t ?  There a r e  a l o t  of  
r ada r s ,  FM s t a t i o n s ,  and o t h u r  s i g n a l s  around. W e  d o n ' t  
know t h e  answers t o  t h i s  problem y e t ,  bu t  we a r e  working on 
them. W e  are c u r r e n t l y  p u t t i n g  toge the r  a test  bed t o  meas- 
u r e  t h e  gene ra l  a v i a t i o n  lU?I environment s o  t C  we can ana- 
l y z e  t h i s  s p e c i f i c  problem, 
S y s t m  Performance - Our p r i n c i p a l  concern is  aystem 
performance du r ing  c e r t a i n  kinda o f  maneuvers. The t y p i c a l  
gene ra l  a v i a t i o n  p i l o t  o u t  on  a VFR f l i g h t  i s  n o t  going t o  
be making s t anda rd  r a t e  t u rns .  H e  is going t o  l a y  t h a t  a i r -  
c r a f t  over  a t  any a n g l e  he wants t o  make t h e  tu rn .  What 
happens du r ing  t h a t  t u r n ?  Even i f  a s tandard  rate t u r n  is  
used, a t  90  knots  it w i l l  mean a b o ~ t  a 15-degree banli angle.  
If you are looking a t  a sa te l l i te  t h a t  i s  f i v e  degreen on 
t h e  hor izon,  you have l o s t  t h a t  sa te l l i te ,  What does t h a t  do 
t o  your t r a c k i n g  performance? 
We are p a r t i c u l a r l y  concerned wi th  t h e  ques t ion  o f  t rack-  
i n g  performance du r ing  a nonprecis ion approach. I f  GPS comes 
i n t o  being,  people w i l l  s t a r t  us ing it, There is  going t o  be 
a t r a n s i t i o n  pe r iod  where a p i l o t  w i l l  be given an ATC d i r ec -  
t i v e  t o  f l y  a nonprec i s ion  approach dur ing which he i s  expected 
t o  do c e r t a i n  maneuvers. The ques t ion  is,  When he r o l l s  o u t  
of t h a t  l a s t  maneuver and i s  inbound, i s  he r e a l l y  inbound? 
We don ' t  know. W e  have done a l o t  of  s tudy  on t h i s ,  and w e  
a r e  cont inu ing  t o  ana lyze  t h e  problem. These a r e  a l l  problems 
t h a t  you must sxamine i n  cons ide rab le  depth;  and a f t e r  you 
have examined them, you s t i l l  have t o  go o u t  and eva lua t e  them 
through f l i g h t  tests. This  i s  e x a c t l y  what we in t end  t o  do 
and i s  why t h e  FAA i s  t a k i n g  a very c a u t i o u s  and very thorough 
indepth approach t o  t h i s  whole problem, 
Cost./PerEormance Cons idera t ions  - F i n a l l y ,  t h e r e  i s  t h e  
ques t lon  o f  cost/performance t r a d Z f s .  I happen t o  be one 
of t h e  people  who b e l i e v e  t h a t  GPS can be used a s  a nav iga t ion  
system. I a l s o  b e l i e v e  t h a t  you can g e t  adequate performance 
t o  do any o f  t h e  t h i n g s  I have j u s t  t a lked  about i f  you a r e  
w i l l i n g  t o  pay t h e  p r i c e .  The ques t ion  is, What i s  t h a t  
p r i c e ?  and, p a r t i c u l a r l y ,  Can t h e  community a f f o r d  it i f  GPS 
becomes a mandated system as opposed t o  an  o p t i o n a l  system? 
80, we and NASA toge the r  hope t o  address  t h i s  problem t o  
i d e n t i f y  what t h e  t r a d e o f f s  a re ,  what tachnological  devel- 
opment i a  needed, and where w e  go from here. 
The "Idealn GPS Receiver 
I n  my opinion,  t o  g e t  the  optimum performance out  of 
GPS, we ought t o  be looking a t  an i d e a l  and then back of f  
from there .  To me, t h e  i d e a l  r ece ive r  i s  one t h a t  meets 
four  requirements: complete LSI implementation, continuous 
versus  sequen t i a l  opera t ion ,  minimum p i l o t  i n t e r f a c e ,  and 
maximum performance. I f  we can make a completely LSI- 
implemented r e c e i v e r ,  you can see  the  economies of s c a l e  
involved there .  A c l a s s i c  example i s  t h e  pocket ca lcu la to r .  
I t h i n k  t h a t  t b s e  kinds o f  economies of s c a l e  would apply 
here. W e  a r e  n o t  t h e r e  ye t ;  and, i n  f a c t ,  we nay be - long 
way from there .  But I th ink ,  and I am o f f e r i n g  t h i s  a6 a 
p r i v a t e  observat ion,  no t  a s  a pol icy  statement,  t h a t  i s  the  
way w e  have t o  go. 
Most of  t h e  r ece ive r s  we a r e  looking a t  t o  br ing  tbe  
c o s t  down are sequen t i a l  receivers--such a s  t h e  Z s e t  o r  
modif icat ions t o  t h e  Z set. W e  have looked a t  our own 
designs.  I n  a l l  cases ,  they a r e  sequen t i a l  rece ivers .  
Idea l ly ,  a continuous rece ive r ,  which i s  t r ack ing  a l l  v i s i b l e  
s a t e l l i t e s  a t  a l l  t i m e s ,  appears t o  m e  t o  be a more tenable  
view. 
A problem t h a t  has  bare ly  been touched on i s  t h e  p i l o t  
i n t e r f a c e  quest ion.  I th ink  t h a t  as a p i l o t ,  I would not 
want t o  be car ry ing  a c h a r t  around where I would have t o ,  i n  
f l i g h t ,  t r y  t o  determine a la t i tude- longi tude  t o  hundredths 
of a degree t o  i n s e r t  a s  a new way point .  
Now, it doesn ' t  have t o  go t h a t  way. There a r e  o ther  
ways of  doing t h i s .  One method i s  t o  c h a r t  t h e  e n t i r e  United 
States and p u t  it on a chip  which i s  p a r t  of your rece iver .  
This i s  f e a s i b l e ,  but  it would cos t .  J u s t  how much it would 
c o s t  w i l l  be examined i n  some depth i n  our  s tud ies .  
A s  a p i l o t ,  you want the  system t o  be a s  simple a s  pos- 
s i b l e  t o  use. You don ' t  want t o  be concerned with the  s a t e l -  
l i te  o r b i t s ,  which s a t e l l i t e s  t o  look f o r ,  those kinds of 
questions.  A l l  a p i l o t  wants t o  know is, I am here and I 
want t o  go t h e r e ,  and be a b l e  t o  t u r n  a d i a l  t h a t  w i l l  po in t  
him i n  tke  r i g h t  d i r e c t i o n .  So, a s  much of t h e  thought 
process a s  poss ib le  should be i n  the  rece iver ,  
F ina l ly ,  you want t o  g e t  the  maximum performance poe- 
s i b l a  o u t  of  t h i s  th ing;  and i n  our s tud ies ,  maximum per- 
formance and low c o s t  j u s t  don ' t  equate. Maximum performance 
means t h e  P code and two-frequency operat ion;  and I don't  
think w e  can a f f o r d  t h a t .  We may not even g e t  the  P code, 
so what is  t h e  maximum performance ava i l ab le  from CA code, 
singl2-frequency opera t ion?  That i s  a  quest ion t h a t  no one 
has answered y e t  t o  any depth. We th ink  we know w h a t  the  
answers a r e ,  b u t  we a l s o  know t h a t  t h e r e  i s  some question of 
modifying t h e  accuracies .  There i s  a l s o  t h e  quest ion of how 
much p rec i s ion  DOD w i l l  a c t u a l l y  give t h e  c i v i l  community. 
I would l i k e  t o  g e t  it a l l .  I think the  m i l i t a r y  would 
l i k e  t o  give us  some. I understand t h e  reasons why; but a s  
a c i v i l  user ,  I would want t o  g e t  the  maximum I could out  of 
t h i s  thing.  
Technology Implicat ions 
What does t h e  i d e a l  rece iver  imply? It implies  the  fol-  
lowing s 
Low-cost genera l  a v i a t i o n  antenna, one t h a t  gives us the  
maximum gain achievable  with t h e  broadest coverage poss ib le  
and a t  t h e  same t h e  i s  l o w - c o ~ t .  W e  a r e  addressing t h i s  
problem through a  number of s tud ies .  TSC has a con t rac t  t o  
build some p r o t o t m e  antennas. NASA is  a l s o  looking a t  t h e  
problem. W e  in tend t o  have some prototype, scale-model 
antennas put  on ,ome general  av ia t ion  a i r c r a f t  models a t  NASA/ 
Langley and then see what the  pa t t e rns  r e a l l y  look l ike .  
LSI RF technologe i s  t o  m e  a  very i n t e r e s t i n g  subject  
and one i n  which I t h l n k  the  key t o  GPS u t i l i z a t i o n  l i e s .  
D i g i t a l  matched f i l t e r s  lend themselves d i r e c t l y  t o  t h e  
sues t lon  of RE' LSI.  But more than t h a t ,  a s  previously pointed 
out ,  two s t u d i e s  were conducted t h a t  came up wi th  an a l t e r n a t e  
s igna l  s t r u c t u r e .  Both of these  envisioned a  pulse system, 
a s  opposed t o  a spread-spectrum system; but  t o  ge t  the  s a t e l -  
l i t e  da ta ,  they  use a PN-coded s t r u c t u r e  and intend t o  use a  
d i g i t a l  matched f i l t e r  t o  s t r i p  t h e  code. Whether you use GPS 
with t h e  CA code o r  w i t h  some of t h e  a l t e r n a t e  s i g n a l  s t r u c t u r e s  
explorat ion.  The program w i l l  a l s o  examine the use of a i r -  
borna weather radar i n  conjunction w i t h  supplementary equip- 
ment t o  a s s i s t  i n  loca t ing  and making approaches t o  of fshore  
o i l  r i g  loca t ions ,  T h i s  l a t t e r  a c t i v i t y  w i l l  examine the 
e f fec t iveness  of seve ra l  techniques including ac t ive  beacon 
systems, passive r e f l e c t o r s ,  corner r e f l e c t o r s ,  and a  va r i e ty  
of RF lenses  for  t h i s  purpose. Data c o l l e c t i o n  w i l l  be 
conducted u s i n g  a  NASA CH-53H hel icopter  operating along the  
area navigation routes  between Boston and Washington National 
Airpor ts .  I n i t i a l l y ,  the TDL-424 LORAN-C receiver  w i l l  be 
used t o  take the  da ta .  Later t e s t s  w i l l  take comparative 
data  on both the  TDL-424 and the lower c o s t  TDL-711 systems, 
Another FAA e f f o r t  w i l l  be da ta  c o l l e c t i o n  taken by the  
FAA/NASA hel icopter  operat ing i n  the of fshore  area i n  the  
v i c i n i t y  of A t l a n t i c  City.  The da ta  c o l l e c t i o n  system w i l l  
simultaneously be taking data  from the  VOR-DME (where 
a v a i l a b l e ) ,  LORAN-C, and OMEGA systems on board the 
he l icopter .  
I n  addi t ion t o  the FAA a c t i v i t y ,  the  Coast Guard w i l l  
be operat ing a  he l icopter  equipped w i t h  TDL-424 avionics  
equipment along a  route  between O t i s  Air Force Base i n  
Massachusetts and Washington National Airport .  Pos i t ion  da ta  
w i l l  be taken from the ARTS I11 f a c i l i t i e s  located along the 
route  t o  assess  the  performance of the LORAN-C system i n  
he l icopter  operat ions.  
FUTURE NAVIGATION SYSTEM REQUIREMENTS 
FAA has al.so undertaken the very d i f f i c u l t  task of 
developing area navigation s tandards fo r  the fu tu re  system. 
T h i s  a c t i v i t y  is addressing the  question of defining 
requirements fo r  systems where the c h a r a c t e r i s t i c s  of the  
e r r o r  a r e  random. Current systems such as VOR-DME, INS, 
Doppler, tend t o  be character ized by b ias  types of e r r o r s .  
The requirement work is a l s o  addressing the e f f e c t  of e r ro r  
buildup during a i r c r a f t  maneuvers arid the e f f e c t  on the p i l o t  
of in te rmi t t en t  updating of the f l i s h t  d isplay.  The output 
of t h i s  a c t i v i t y  w i l l  be a  s e t  of requirements which w i l l  be 
non-system specif  i c a t i ~ n .  T h i s  a c t i v i t y  a l s o  includes 
considerat ion of new user requirements for  increasing STOL 
and VTOL IFR operat ions;  assessment of the benef i t s  t h a t  
could be derived from higher accurac:y navigation s i g n a l s  
providing more complete coverage; and analys is  of the system 
c h a r a c t e r i s t i c s  of p o t e n t i a l  f u t u r e  navigation systems. In  
conducting t h i s  a c t i v i t y ,  i t  is envisioned t h a t  a navigation 
management computer w i l l  become the hear t  of the  f u t u r e  
navigation system on many a i r c r a f t .  Navigation w i l l  become 
being proposed, it looks l i k e  d i g i t a l  match f i l t e r s  are one 
way ko go. 
Low-cost, h i g h - s t a b i l i t y  o s c i l l a t o r s  When looking a t  
a GPS rece ive r ,  one of  t h e  problems t h a t  comes up i s  s ignal  
dropout. For example, i f  you a r e  t racking  four s a t e l l i t e s  
and vou 40 i n t o  a bank, you lose  one s a t e l l i t e .  I f  you have 
a  s t ible-enough clock,  you can f l y  through t h a t  dropout. 
The degradation o f  accuracy i s  a funct ion of t h e  a t a b i l i t y  
of t h e  clock. We a r e  conducting s tud ies  looking a t  off-the- 
she l f  o s c i l l a t o r s ,  bu t  u l t imate ly  wa may requ i re  more s t a b i l i t y  
than  tha t .  The more s t a b l e  an o s c i l l a t o r  i s ,  t h e  more it 
cos t s ;  so he re  again w e  need some invent ive  work done on get- 
t i n g  &s high s t a b i l i t y  a t  low cos t .  
Heading and Al t i tude  Aid ing 
It t u r n s  o u t  t h a t  i n  exmin ing  a rece ive r ,  the  more 
in fo rna t ion  you can g ive  it about t h e  s t a t u s  of  the  a i r c r a f t ,  
t h e  b e t t e r  it i s  going t o  perform. I n  p a r t i c u l a r ,  i f  you are  
so lv ing  an equat ion f o r  pos i t ion ,  you a r e  smoothing the  data.  
In essence,  you a r e  t r ack ing  and you a r e  t r y i n g  t o  p red ic t  
where you a r e  going t o  be. I f  you can t e l l  t h e  rece iver  t h a t  
You a r e  doing something o the r  than f ly ing  s t r a i g h t  and l e v e l ,  
t h a t  information can be used t o  help t h e  rece iver .  The two 
types  of he lp  we s e e  a r e  heading information and a l t i t u d e  
information. Many a i r c r a f t  ca r ry  d i g i t a l  encoders. Many do 
not. D i g i t a l  encoders a r e  not  cheap. Present  ones a re  i n  
t h e  $400 t o  $500 range t o  maybe $1,000. 
I f  these  have t o  be an i n t e g r a l  p a r t  of  t h e  rece iver ,  I 
would l i k e  t o  br ing  t h e i r  c o s t  down. The same th ing  app l i e s  
t o  d i r e c t i o n a l  gyros. A t  the  present  time, they a re  not 
cheap, although I am sure  somebody i s  going t o  t a l k  about 
bringing t h e  c o s t  down and put t ing  them i n t o  a l l  a i r c r a f t .  
This  i s  another p i e c e  of  technology t h a t  general  av ia t ion  
a i r c r a f t  a t  t h e  p resen t  time do n o t  have which would be nice 
t o  have, i f  you a r e  going t o  f l y  t h e  GPS system, 
Two-frequency opera t ion  simply goes back t o  the  ques- 
t i o n  of accuracy. I f  v?e a r e  going t o  g e t  the  u l t imate  accu- 
racy ,  we have t o  t a k e  ou t  t h e  range v a r i a t i o n s  t h a t  occur i n  
t h e  ionosphere, which you can do i f  you have two-frequency 
operat ion.  I th ink  t h i s  i s  probably t h e  l e a s t  of the  prob- 
l e m s ;  but i f  I am going t o  g e t  maximum performance, I have 
l e s s  route-oriented and w i l l  depend on the navigation 
computer t o  s e l e c t  d i f f e r e n t  navigation sensors  as the  phase 
and route  of f l i g h t  vary. Systems providing inputs  t o  the 
area  navigation computer a re  expected t o  include VOR-DME, 
DME-DME, INS, LORAN-C, OMEGA and MLS. 
GLOBAL POSITIONING SYSTEM 
FAA has i n i t i a t e d  an extensive program t o  def ine  the 
p o t e n t i a l  f u t u r e  ro le  of Global Posi t ioning System (GPS) as  
an element of the c i v i l  av ia t ion  navigation system. The 
United S t a t e s  Coast Guard (USCG) already has a program 
underway fo r  the development and evaluat ion of GPS rece ivers  
f o r  maritime use. The DOT is i n  the process of preparing an 
intermodal development plan which i n  turn w i l l  be coordinated 
and intedgrated w i t h  s imi lar  programs i n  other  agencies i n  
the  GPS area so as  a  department, we a re  placing every 
increasinq emphasis on t h i s  program. W ?  have defined the  
a c t i v i t i e s  needed t o  address a  number of i n s t i t u t i o n a l ,  c o s t ,  
and technica l  problems, which m u s t  be resolved i f  GPS is t o  
form a p a r t  of the f u t u r e  navigation system. 
I n s t i t u t i o n r l  Factors  i n  GPS 
Since GPS is  being designed as  a  U.  S. m i l i t a r y  pos i t ion  
loca t ion  system, a  number of i n s t i t u t i o n a l  problems m u s t  be 
addressed before such a  system can become an i n t e g r a l  p a r t  of 
the  domestic and i n t e r n a t i o n a l  c i v i l  navigation system. I ' d  
l i k e  t o  mention a  few of the key issues:  
The a v a i l a b i l i t y  of s i g n a l s  of adequate accuracy a t  a l l  
times, including times of s t r e s s ,  is perhaps the most 
important i n s t i t u t i o n a l  f a c t o r .  A preliminary evaluat ion of 
the GPS s i g n a l s  as  they a re  cu r ren t ly  proposed ind ica tes  t h a t  
many of the  c i v i l  requirements could probably be met w i t h  the  
c l e a r  acqu i s i t ion  (C/A) channel s igna l .  Current ly the 
Department of Defense is studying the  ques t ions  of s i g n a l  
accuracy and a v a i l a b i l i t y  which might be of fered  for  c i v i l  
navigation and has provided the  r e s u l t s  of the f i r s t  por t ion  
of t h i s  study. I f  the cu r ren t ly  hoped-far accuracy of the 
c l ea r / acqu i s i t ion  s i g n a l  were ava i l ab le  a t  a l l  t imes,  except 
fo r  c o n f l i c t s  involving the immediate s a f e t y  of the United 
S t a t e s ,  then GPS becomes an a t t r a c t i v e  a l t e r n a t i v e  f o r  the 
fu tu re  c i v i l  navigation system. We bel ieve the c i v i l  user 
community w i l l  be very much i n t e r e s t e d  in  GPS i f  it  can o f f e r  
a  b e t t e r  se rv ice  than cur ren t  systems a t  a  lower user cos t .  
to do it. I would think, ultimately, that with a good 
ionospheric model and some practical experience, two-frequency 
operation may not be necessary. 
exploration. The program will also examine the use of air- 
borna weather radar in conjunction with supplementary equip- 
ment to assist in locating and making approaches to offshore 
oil rig locations, This latter activity will examine the 
effectiveness of several techniques including active beacon 
systems, passive reflectors, corner reflectors, and a variety 
of RF lenses for this purpose. Data collcction will be 
conducted using a NASA CH-53H helicopter operating along the 
area navigation routes between Boston and Washington National 
Airports. Initially, the TDL-424 LORAN-C receiver will be 
used to take the data. Later tests will take comparative 
data on both the TDL-424 and the lower cost TDL-711 systems. 
Another FAA effort will be data collection taken by the 
FAA/NASA helicopter operating in the offshore area in the 
vicinity of Atlantic City. The data collection system will 
simultaneously be taking data from the VOR-DME (where 
available), LORAN-C, and OMEGA systems on board the 
helicopter. 
In addition to the FAA activity, the Coast Guard will 
be operating a helicopter equipped with TDL-424 avionics 
equipment along a route between Otis Air Force Base in 
Massachusetts and Washington National Airport. Position data 
will be taken from the ARTS I11 facilities located along the 
route to assess the performance of the LORAN-C system in 
helicopter operations. 
FUTURE NAVIGATION SYSTEM REQUIREMENTS 
FAA has al.so undertaken the very difficult task of 
developing area navigation standards for the future system. 
This activity is addressing the question of defining 
requirements for systems where the characteristics of the 
error are random. Current systems such as VOR-DME, INS, 
Doppler, tend to be characterized by bias types of errors. 
The requirement work is also addressing the effect of error 
buildup during aircraft maneuvers arid the effect on the pilot 
of intermittent updating of the flisht display. The output 
of this activity will be a set of requirements which will be 
non-system specif icati~n. This activity also includes 
consideration of new user requirements for increasing STOL 
and VTOL IFR operations; assessment of the benefits that 
could be derived from higher accurac:y navigation signals 
providing more complete coverage; and analysis of the system 
characteristics of potential future navigation systems. In 
conducting this activity, it is envisioned that a navigation 
management computer will become the heart of the future 
navigation system on many aircraft. Navigation will become 
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NASA has been i n t e r e s t e d  i n  GPS and what it can do fo r  
t h e  c i v i l  s ec to r  f o r  some time now--several year. a s  a matter 
of  fact--and t h a t  i n t e r e s t  has not j u s t  been i n  avia t ion .  
Some of t h e  a reas  o f  t h e  IQSA GPS-related programs a re  r 
Satel l i te /Navignt ion T r a c k i n g  
Shu t t l e  Applicat ions - Tnnrt i n 1  I n i t i a l i r a t i o n  
Land/Sea Applicat ions 
C iv i l  Aviation Apr~l ica t ions  
We have hardware now f o r  s a t t s l l j t e  a l ~ p l i c a t i o n s .  
T h i s  hardware was o r i g i n a l l y  intended t o  go on SEASAT (Sea Sate1- 
l i t e ) ;  but because o f  a scheduling problem, it i s  nov goirlg 
on LAIJDSAT (3,and S a t e l l i t e ) .  It w i l l  he a v a i l a b l e  f o r  t e s t -  ing  ae soon a s  we g e t  enough s a t e l l i t e s  up t o  look a t  i t s  
app l i ca t ion  f o r  both navigat ion and t racking  of t h e  s a t e l -  
l i t e s .  There i s  a  p o t e n t i a l  t h e r e  f o r  doing away with a good 
por t ion  of t h e  Cracking rada r  network. 
In  s h u t t l e  applications--obviously,  s h u t t l e  has a  r a t h e r  
rnonmouth problcnl w i t h  navigation--there has been an sxtonsivc 
requirenerrts study done. Thrs study resu l t ed  i n  a  s e t  of 
spec i f i ca t ions ;  and t h e  l a s t  I heard, whfch was a few weeks 
ago, the  hardware procurement decis ion was s t i l l  pending. 
One of  t h e  p r i n c i p a l  requirements f o r  t h e  s h u t t l e  appl ica t ion  
is  a l i t t l e  b i t  unusual i n  t h a t  we earthbound fo lks  don ' t  
genera l ly  th ink  about blackout problems. But the re  i s  a sig- 
n i f i c a n t  port ion o f  t h e  s h u t t l e  f l i g h t ,  t he  e n t r y  phase, where 
they -just don' t  g e t  RF s i g n a l s  s o  they  go on t h e  bas i s  of t h e  
i n e r t i a l  navigator. It i s  a  r a t h e r  c r i t i c a l  port ion f ron  the  
standpoint o f  navig a t  io11. GPS provides an excel lcn t system t o  give t h e  i n e r t i a l  i n i t i a l i z a t i o n  p r i o r  t o  t h e  en t ry  
maneuvers. 
In  t h e  land-sea app l i ca t ion ,  t h e  NASA Godddad Space 
F l i g h t  Center i s  looking a t  a  number o f  applications--marine 
and land use and emergency l o c a t o r  s tud ies .  
There i s  a  design/ requirements study t h a t  i s  c u r r e n t l y  being c a r r i e d  out by 
Magnavox, I bel ieve.  There i s  a l so  a  considerabl-o amount of in-house work going on on both hardware and softwarr  concepts. 
l e s s  route-oriented and w i l l  depend on the navigation 
computer t o  s e l e c t  d i f f e r e n t  navigation sensors  as the  phase 
and route  of f l i g h t  vary. Systems providing inputs  t o  the 
area  navigation computer a re  expected t o  include VOR-DME, 
DME-DME, INS, LORAN-C, OMEGA and MLS. 
GLOBAL POSITIONING SYSTEM 
FAA has i n i t i a t e d  an extensive program t o  de f ine  the 
p o t e n t i a l  f u t u r e  ro le  of Global Posi t ioning System (GPS) a s  
an element of the  c i v i l  av ia t ion  navigation system. The 
United S t a t e s  Coast Guard (USCG) already has a  program 
underway fo r  the development and evaluat ion of GPS rece ivers  
f o r  maritime use. The DOT is in  the process  of preparing an 
intermodal development plan which in  turn w i l l  be coordinated 
and intedgrated w i t h  s imi lar  programs i n  other  agencies i n  
the  GPS area so as  a  department, we a re  placing every increasing emphasis on t h i s  program. W:a have defined the  
a c t i v i t i e s  needed t o  address a  number of i n s t i t u t i o n a l ,  c o s t ,  
and technica l  problems, which m u s t  be resolved if GPS is t o  
form a  p a r t  of the fu tu re  navigation system. 
I n s t i t u t i o n . 1  Factors  i n  GPS 
Since GPS is  being designed as  a  U .  S .  m i l i t a r y  p o s i t i o n  
loca t ion  system, a  number of i n s t i t u t i o n a l  problems must be 
addressed before such a  system can become an i n t e g r a l  p a r t  of the  domestic and i n t e r n a t i o n a l  c i v i l  navigation system. I ' d  
l i k e  t o  mention a  few of the key issues:  
The a v a i l a b i l i t y  of s i g n a l s  of adequate accuracy a t  a l l  
times, including times of s t r e s s ,  is perhaps the most 
important i n s t i t u t i o n a l  f a c t o r .  A preliminary evaluat ion of 
the  GPS s i g n a l s  as  they are  cu r ren t ly  proposed ind ica tes  t h a t  
many of the  c i v i l  requirements could probably be met w i t h  the  
c l e a r  acqu i s i t ion  (C/A) channel s igna l .  Current ly the 
Department of Defense is studying the  ques t ions  of s i g n a l  
accuracy and a v a i l a b i l i t y  which might be of fered  fo r  c i v i l  
navigation and has provided the  r e s u l t s  of the f i r s t  por t ion  
of t h i s  study. I f  the cu r ren t ly  hoped-for accuracy of the 
c l ea r / acqu i s i t ion  s i g n a l  were ava i l ab le  a t  a l l  t imes,  except 
fo r  c o n f l i c t s  involving the immediate s a f e t y  of the United 
S t a t e s ,  then GPS becomes an a t t r a c t i v e  a l t e r n a t i v e  f o r  the fu tu re  c i v i l  navigation system. We bel ieve  the c i v i l  user 
community w i l l  be very much i n t e r e s t e d  in  GPS i f  it can o f f e r  
a  b e t t e r  se rv ice  than cur ren t  systems a t  a  lower user cos t .  
So, TJASF. l a  looking a t  soma of  t h e  rpacs app l i ca t ions  
and some of  t h e  extended navigation app l i ca t ions  i n  t e m r  of 
t e c h o l o g y ,  but  we a r e  going t o  be t a lk ing  p r i n c i p a l l y  today 
about t h e  c i v i l  a v i a t i o n  appl icat ionn.  
I n  s t a r t i n g  t o  look a t  these  c i v i l  app l i ca t ions ,  NASA 
l e t  a con t rac t  with Reaearch Triangle I n s t i t u t e  (RTI)  i n  
1976 t o  do a  b r i e f  r tudy of the  NAVSTAR app l i ca t ion  t o  GPS, 
and t h a t  has  r e s u l t e d  i n  a  con t rac to r  r e p o r t  (number NASA 
CR-145059). That con t rac to r  provided severa l  recomrnendationa, 
including t h e  recommendation that we look a t  something t h e  
Omega f o l k s  had been i n t e r e s t e d  i n  f o r  some time--a d i f f e ren-  
t i a l  o r  perhaps a  pseudo s a t e l l i t e  a t  a  given loca t ion ,  an 
app l i ca t ion  t h a t  could improve t h e  terminal  a rea  performance 
and accuracy of t h e  system. 
There was another  s t rong recommendation t h a t  we look a t  
t h e  app l i ca t ion  o f  t h e  GPS system i n  conjunction w i t h  a da ta  
l i n k  which provides t h e  c a p a b i l i t y  of doing survei l lance ,  
c o l l i s i o n  avoidance, an8 various and sundry o the r  things.  So 
we  have a  continued study going on a t  RTI t o  examine these 
and some o t h e r  appl i ca t ions .  
Another study was conducted by Texas A&M University 
(TAMU). They have had a  g ran t  f o r  a  couple of years now t o  
look a t  a c q u i s i t i o n  and t racking  concepts tha t  might lend 
themselves t o  lower cos t  o r  higher dynamic range operat ions.  
Some of  t h e  low-cost navigation algorithm development t h a t  
they  have been doing t h e r e  w i l l  be discussed l a t e r  i n  t h e  
program by D r .  P h j l i p  Noe. 
W e  a l s o  have a design study of a low-cost c i v i l  av ia t ion  
GPS rece ive r  system going on. We a r e  i n  t h e  business of 
research  and technology developn~ent; so what we a r e  asking t o  
be designed here i s  no t  a s e t  t o  be b u i l t ,  but w e  a r e  looking 
for a design t h a t  w i l l  i d e n t i f y  what the  cu r ren t  state-of-the- 
a r t  r e s t r i c t i o n s  a r e  i n  terms of both performance and c o s t  
but  weighted toward the  c o s t  standpoint.  This i s  a paper 
design, and what w e  want i s  t o  have the  con t rac to r  (Magnavox) 
examine t h e  c o s t  s e n s i t i v i t y  based on pro jec ted  o r  an t i c ipa ted  
o r  even imagined technology development so  t h a t  we can see  t h e  
a rea  i n  which t h e  maximum e f f o r t  should be put  i n  t h e  technol- 
ogy development. W e  w i l l  have a  r epor t  on t h a t  due next 
summer (1979). 
explorat ion.  The program w i l l  a l s o  examine the use of a i r -  
borna weather radar i n  conjunction w i t h  supplementary equip- 
ment t o  a s s i s t  i n  loca t ing  and making approaches t o  of fshore  
o i l  r i g  loca t ions ,  T h i s  l a t t e r  a c t i v i t y  w i l l  examine the 
e f fec t iveness  of seve ra l  techniques including ac t ive  beacon 
systems, passive r e f l e c t o r s ,  corner r e f l e c t o r s ,  and a  va r i e ty  
of RF lenses  for  t h i s  purpose. Data c o l l c c t i o n  w i l l  be 
conducted u s i n g  a  NASA CH-53H hel icopter  operating along the  
area navigation routes  between Boston and Washington National 
Airpor ts .  I n i t i a l l y ,  the TDL-424 LORAN-C receiver  w i l l  be 
used t o  take the  da ta .  Later t e s t s  w i l l  take comparative 
data  on both the  TDL-424 and the lower c o s t  TDL-711 systems. 
Another FAA e f f o r t  w i l l  be da ta  c o l l e c t i o n  taken by the  
FAA/NASA hel icopter  operat ing i n  the of fshore  area i n  the  
v i c i n i t y  of A t l a n t i c  City.  The da ta  c o l l e c t i o n  system w i l l  
simultaneously be taking data  from the  VOR-DME (where 
ava i l ab le )  , LORAN-C, and OMEGA systems on board the 
he l icopter .  
I n  addi t ion t o  the FAA a c t i v i t y ,  the  Coast Guard w i l l  
be operat ing a  he l icopter  equipped w i t h  TDL-424 avionics  
equipment along a  route  between O t i s  Air Force Base i n  
Massachusetts and Washington National Airport .  Pos i t ion  da ta  
w i l l  be taken from the ARTS I11 f a c i l i t i e s  located along the 
route  t o  assess  the  performance of the LORAN-C system i n  
he l icopter  operat ions.  
FUTURE NAVIGATION SYSTEM REQUIREMENTS 
FAA has al.so undertaken the very d i f f i c u l t  task of 
developing area navigation s tandards fo r  the fu tu re  system. 
T h i s  a c t i v i t y  is addressing the  question of defining 
requirements fo r  systems where the c h a r a c t e r i s t i c s  of the  
e r r o r  a r e  random. Current systems such as VOR-DME, INS, 
Doppler, tend t o  be character ized by b ias  types of e r r o r s .  
The requirement work is a l s o  addressing the e f f e c t  of e r ro r  
buildup during a i r c r a f t  maneuvers arid the e f f e c t  on the p i l o t  
of in te rmi t t en t  updating of the f l i s h t  d isplay.  The output 
of t h i s  a c t i v i t y  w i l l  be a  s e t  of requirements which w i l l  be 
non-system specif  i c a t i ~ n .  T h i s  a c t i v i t y  a l s o  includes 
considerat ion of new user requirements for  increasing STOL 
and VTOL I F R  operat ions;  assessment of the benef i t s  t h a t  
could be derived from higher accurac:y navigation s i g n a l s  
providing more complete coverage; and analys is  of the system 
c h a r a c t e r i s t i c s  of p o t e n t i a l  f u t u r e  navigation systems. In  
conducting t h i s  a c t i v i t y ,  i t  is envisioned t h a t  a navigation 
management computer w i l l  become the hear t  of the  f u t u r e  
navigation system on many a i r c r a f t .  Navigation w i l l  become 
For our  1979 e f f o r t ,  we want t o  get hold of  a Renrnrcll 
Receiver Rystom so t h a t  we can becow fam5 l i a r  w l t h  t he  sya- 
tern opera t ion  and i t a  l i m i t a t i o n s  and cha rac tn r i a t i c - s  6G t l . , l t  
we can begin t o  underrtand what t h e  problens are .  
Alro, wta want t o  ba a b l e  with t h i s  rece iver  t o  perform exporinente 
r e l a t e d  t o  four-channel and thrce-,  two-, and one-cha~~nr l  
aequent ial  operat ionu.  
W e  would a l s o  l i k e  t o  look a t  some of t h e  simplifirci  
navigat ion algorithm. t h a t  a r e  being developed and pcrl~ilps 
a t  .om receiver-aiding technique. which might help perforn- 
ance during maneuvering. To do t h i n ,  we would l i k e  t o  g e t  
Borne s o r t  o f  a v a r i a t i o n  of an X set o r  GDH (Generalized 
Development Yodel) type equipment t h a t  would allow softwart* 
reconfigurabla  c a p a b i l i t i e .  t o  examine some of  these  c h n r n r -  
t e r i ~ t i c s  and concepts. 
l e s s  route-oriented and w i l l  depend on the navigation 
computer t o  s e l e c t  d i f f e r e n t  navigation sensors  a s  the  phase 
and route  of f l i g h t  vary. Systems providing inputs  t o  the 
area  navigation computer a re  expected t o  include VOR-DME, 
DME-DME, INS, LORAN-C, OMEGA and MLS. 
GLOBAL POSITIONING SYSTEM 
FAA has i n i t i a t e d  an extensive program t o  de f ine  the 
p o t e n t i a l  f u t u r e  ro le  of Global Posi t ioning System (GPS) a s  
an element of the c i v i l  av ia t ion  navigation system. The 
United S t a t e s  Coast Guard (USCG) already has a program 
underway fo r  the development and evaluat ion of GPS rece ivers  
f o r  maritime use. The DOT is i n  the process of preparing an 
intermodal development plan which i n  turn w i l l  be coordinated 
and intedgrated w i t h  s imi lar  programs i n  other  agencies i n  
the  GPS area so as  a department, we a re  placing every 
increasing emphasis on t h i s  program. W? have defined the  
a c t i v i t i e s  needed t o  address a number of i n s t i t u t i o n a l ,  c o s t ,  
and technica l  problems, which m u s t  be resolved if GPS is t o  
form a p a r t  of the fu tu re  navigation system. 
These p a r t s  o f  o u r  program a r e  currenL? y operat inq w i t l l l l l  
our Research and Technology Base Program, but we have a t  t U . 5 ~  
Headquartera now a proposal f o r  a new i n i t l a t - i v e  which woulri 
continue and conaidarably extend NASA involvrnent  i n  t h r  cj v l  1 
use of GPS. 
Due t o  these  s t u d i e s  and a l o t  of meetings of t h i s  tylr.: 
t echnica l  s o c i e t y  meetings; d iscuss ions  with t h e  var ious 
i n t e r e s t e d  people and Congressional Commit teeo; ancl just thr 
huge investment t h a t  t h e  country i s  going t o  have i n  t h e  cp2 
system, it became kind of obvious t h a t  GPS i s  going t o  be ilnrr7 
by t h e  a v i a t i o n  comnunity i n  somo way o r  another. 
A s  a regearch organiza t ion ,  it i s  NASA @s r e s p o n s i b i l i t y  t o  k ind  of 
s t ep  back and look 10 ,  15 years  down the  road and see what 
t h i s  impl ies  i n  t e n s  o f  research requirements. 
We wondcrc(1 how t o  do t h a t ,  and w e  took a path t h a t  may o r  may not  ix. thca 
optimum one. What w e  decided t o  do was remove ours r lves  fl-c.n 
the c o n s t r a i n t s  t h a t  Mr. Blake mentiont?d e a r l i e r  about havian 
t o  phase i n t o  var ious  kinds of programs and sys tens  t h a t  
e x i s t ;  and w e  s a i d ,  "Hey, what happens if you t ake  GPS an? 
t r y  t o  use it t o  t h e  absolu te  maximun~ e x t e n t ? '  and "what kjlld 
of system could we p o s t u l a t e  t h a t  would sal:e maxin~unt use of 
the C,PSPf' 
W e l l ,  w e  came up w i t h  a l i t t l e  scenar io  t h a t  said what 
we r e a l l y  ouqht t o  do i s  t ake  advantage of t h e  pos i t ioninq  
accuracy and t h e  v e l o c i t y  c a p a b i l i t i e s  of t h i s  GPS syster- 
and a l s o  t h e  t ime c a p a b i l i t y  t o  allow u s  t o  mechanize a s i r ~  12- 
f ied d a t a  l ink .  T h J s  scenar io  i s  JTIPS ( J o i n t  Technical 1nf r . l -  
mation Dis t r ibu t ion  System) r e v i s i t e d  and, a s  i l l u s t r a t e d  :r, 
I n s t i t u t i ~ n ~ l  Factors  i n  GPS 
Since GPS is  being designed as  a U. S. m i l i t a r y  pos i t ion  
loca t ion  system, a number af i n s t i t u t i o n a l  problems must be 
addressed before such a system can become an i n t e g r a l  p a r t  of the  domestic and i n t e r n a t i o n a l  c i v i l  navigation system. I ' d  
l i k e  t o  mention a few of the key issues:  
The a v a i l a b i l i t y  of s i g n a l s  of adequate accuracy a t  a l l  
times, including times of s t r e s s ,  is perhaps the most 
important i n s t i t u t i o n a l  f a c t o r .  A preliminary evaluat ion of 
the GPS s i g n a l s  as  they a re  cu r ren t ly  proposed ind ica tes  t h a t  
many of the  c i v i l  requirements could probably be met w i t h  t he  
c l e a r  acqu i s i t ion  (C/A) channel s igna l .  Current ly the 
Department of Defense is studying the  ques t ions  of s i g n a l  
accuracy and a v a i l a b i l i t y  which might be of fered  fo r  c i v i l  
navigation and has provided the  r e s u l t s  of the f i r s t  por t ion  
of t h i s  study. If the cu r ren t ly  hoped-for accuracy of the 
c l ea r / acqu i s i t ion  s i g n a l  were ava i l ab le  a t  a l l  t imes,  except 
fo r  c o n f l i c t s  involving the immediate s a f e t y  of the United 
S t a t e s ,  then GPS becomes an a t t r a c t i v e  a l t e r n a t i v e  f o r  the  f u t u r e  c i v i l  navigation system. We bel ieve  the c i v i l  user 
community w i l l  be very much i n t e r e s t e d  in  GPS i f  it  can o f f e r  
a b e t t e r  se rv ice  than current  systems at a lower user cos t .  
Fjgure 3-1, i s  a t h e - d i v i s i o n ,  multi-azceua d a t a  l i n k  where 
each urax g e t s  a  time s l o t  t o  input hi8 da ta ,  He may need 
narc than one time s l o t ;  but he, too, q u a l i f i e s  a s  a  user. 
Each user then would t e l l  t h e  da ta  l ink  h i s  position, veloc i ty ,  
and i d e n t i f i c a t i o n ,  of  course,  and perhaps wind da ta  because 
now you have got ground ve loc i ty ,  00 you can determine l o c a l  
wind, turbulence d a t a ,  whatevor. Now everyone opera t ing  i n  
t h i s  system has  t h e  c a p a b i l i t y  o f  l i s t e n i n g  t o  everybody e l se .  
So i f  you have a  microproceasor i n  your a i r c r a f t  t h a t  i s  m a r t  
enough, i t  can s t a r t  l i s t e n i n g  only t o  t h e  people t h a t  a r e  of  
i n t e r e s t  t o  t h a t  p a r t i c u l a r  user.  For ones t h a t  awe maybe 
g e t t i n g  t o o  c l o r e ,  it can define,  i f  you w i l l ,  a  m u l t i -  
dimensional sphere of inf luence t h a t  might be based on X, Y ,  
2 ,  v e l o c i t y ,  bear ing angle ,  and r a t e  of change of bearing 
angle. 
There kinds of  th ings  can give you very valuablc infor -  
mation i r i  ternis of generating a p r c t t y  soph i s t i ca ted  avoidance 
c a p a b i l i t y  with p o t e n t i a l l y  a  low false-alarm r a t e .  That 
i n f o m a t i o n  can a l s o  he used t o  generate an o n - h a r d  t r a f f i c  
s i t u a t i o n  d i sp lay  o r  cockpit  d isp lny  of t r a f f i c  i n f o m a t i o n .  
It could be used f o r  i n - t r a i l  guidance considerably more accu- 
r a t e l y  than we can do it now. Tf the accuracy t rends  continue,  
you might be ab le  t o  use t h i s  syaten: f o r  prec is ion  approach; 
and p a r t i c u l a r l y  i f  you augment it with a  ground system of a 
d i f f e r e n t i a l  GPS type,  you might be able  t o  do a l l  of y o u  
close-in curved descending approaches t h a t  a r e  so popular 
these  days i n  d i scuss iuns  and vector  i n t o  a  p rec i s ion  17,s. 
So t h e r e  a r e  a whole l o t  oP c a p a b i l i t i e s  i n  such a  conceptual 
system. 
For such a conceptual system, t h e r e  would he t h e  require-  
ment t h a t  everybody be equipped w i t h  a t  l e a s t  some minimum 
opera t ing  aystea.  It would have t o  give a t  l e a s t  i d e n t i f i c a -  
t i o n ,  posf t ion ,  perhaps ve loc i ty ,  t o  t h e  systen;  ancl it would 
have t o  be a b l e  t o  accept commands a t  l e a s t  from t h e  ground. 
If w e  t a k e  f u l l  advantage of the  system, it a l s o  says 
t h a t  t h a t  i s  a  s a f e t y  f l i g h t - c r i t i c a l  system, and a s  such it 
i s  going t o  have t o  have the equivalent--in today 's  tech- 
nology--of a  dual - fa i l -opera t ional  capak i l i ty .  To do a11 of 
t h ~ t ,  a t  "low c o s t , "  you have got  a p r e t t y  good research  and 
development program c?efined. 
explorat ion.  The program w i l l  a l s o  examine the use of a i r -  
borna weather radar i n  conjunction w i t h  supplementary equip- 
ment t o  a s s i s t  i n  loca t ing  and making approaches t o  of fshore  
o i l  r i g  loca t ions ,  T h i s  l a t t e r  a c t i v i t y  w i l l  examine the 
effectiveness of seve ra l  techniques including ac t ive  beacon 
systems, passive r e f l e c t o r s ,  corner r e f l e c t o r s ,  and a  va r i e ty  
of RF lenses  for  t h i s  purpose. Data c o l l e c t i o n  w i l l  be 
conducted u s i n g  a  NASA CH-53H hel icopter  operating along the  
area navigation routes  between Boston and Washington National 
Airpor ts .  I n i t i a l l y ,  the TDL-424 LORAN-C receiver  w i l l  be 
used t o  take the  da ta .  Later t e s t s  w i l l  take comparative 
data  on both the  TDL-424 and the lower c o s t  TDL-711 systems. 
Another FAA e f f o r t  w i l l  be da ta  c o l l e c t i o n  taken by the  
FAA/NASA hel icopter  operat ing i n  the of fshore  area i n  the  
v i c i n i t y  of A t l a n t i c  City.  The da ta  c o l l e c t i o n  system w i l l  
simultaneously be taking data  from the  VOR-DME (where 
a v a i l a b l e ) ,  LORAN-C, and OMEGA systems on board the 
he l icopter .  
I n  addi t ion t o  the FAA a c t i v i t y ,  the  Coast Guard w i l l  
be operat ing a  he l icopter  equipped w i t h  TDL-424 avionics  
equipment along a  route  between O t i s  Air Force Base i n  
Massachusetts and Washington National Airport .  Pos i t ion  da ta  
w i l l  be taken from the ARTS I11 f a c i l i t i e s  located along the 
route  t o  assess  the  performance of the LORAN-C system i n  
he l icopter  operat ions.  
FUTURE NAVIGATION SYSTEM REQUIREMENTS 
FAA has al.so undertaken the very d i f f i c u l t  task of 
developing area navigation s tandards fo r  the fu tu re  system. 
T h i s  a c t i v i t y  is addressing the  question of defining 
requirements fo r  systems where the c h a r a c t e r i s t i c s  of the  
e r r o r  a r e  random. Current systems such as VOR-DME, INS, 
Doppler, tend t o  be character ized by b ias  types of e r r o r s .  
The requirement work is a l s o  addressing the e f f e c t  of e r ro r  
buildup during a i r c r a f t  maneuvers arid the e f f e c t  on the p i l o t  
of in te rmi t t en t  updating of the f l i s h t  d isplay.  The output 
of t h i s  a c t i v i t y  w i l l  be a  s e t  of requirements which w i l l  be 
non-system specif  i c a t i ~ n .  T h i s  a c t i v i t y  a l s o  includes 
considerat ion of new user requirements for  increasing STOL 
and VTOL I F R  operat ions;  assessment of the benef i t s  t h a t  
could be derived from higher accurac:y navigation s i g n a l s  
providing more complete coverage; and analys is  of the system 
c h a r a c t e r i s t i c s  of p o t e n t i a l  f u t u r e  navigation systems. In  
conducting t h i s  a c t i v i t y ,  i t  is envisioned t h a t  a navigation 
management computer w i l l  become the hear t  of the  f u t u r e  
navigation system on many a i r c r a f t .  Navigation w i l l  become 
That i s  what we th ink  we should be working on because 
t h i s  def ines ,  am vs sea i t ,  the  maximum use. Any other  uue below t h a t  would be encompassed within a prooram l i k e  t h i s .  
Thn elements o f  such a program as we see it a r c  au 
follows t 
Low-cost spread-smctrwn 1,-band. The hardware and s o f t -  
ware r e l a t e d  t o  t h i s  element w i l l  r equ i re  us  t o  put 
la rge  chunks of  t h i s  on chipm. The current  M)D program i n  VLGI (Very Large Scale In teg ra t ion)  and WSI (Very 
nigh Speed I n t e g r a t i o n )  should con t r ibu te  g r e a t l y  t o  
t h a t  end. There i s  a b u t  $200 mi l l ion  going i n t o  t h a t  
program; and maybe with juut a  small addi t ion ,  we could 
ge t  nome c i v i l i a n  a p p l i c i t i o n s  considered a lso .  
Redundancy manaqemsnt. From the  s tandpoint  of aoftware 
and hardware, we thin% t h a t  we can c a l l  on some of t h e  
developments t h a t  a r a  going on now i n  t e r n s  of u l t r a -  
r e l i a b l e  computers f o r  use i n  f l i g h t  con t ro l  systems t o  
provide us with t h e  dual - fa i l  c a p a b i l i t y  i n  a  system 
l i k e  t h i s  without having t o  go t r i p l e -  o r  quad-redundant. 
Antennas. A8 M r .  Ruige mentioned, antennas a r e  a  problem 
if you want t o  opera te  while you a r e  maneuvering, and I 
think you w i l l  want t o  operate  a t  l e a s t  while we a r e  
making reasonable maneuvers. 
GPS d a t a  l i n k  in teg ra t ion .  This one i s  pecu l i a r  t o  the  
scenario that we have sefec tad;  but i f  we say t h a t  wc 
a r e  going t o  s t i c k  with that scenario,  we have t o  ge t  the 
two together  i n  a  cos t -ef fec t ive  way. 
Sim l i f i s d  navigation-guidance a 1  orithrns. This i s  one of  q u i t e  a  b i d - w h e n  you combine 
it with the  low-coat, spread-spectrum L-band element and 
f ind o u t  t h a t ,  I saw somewhere the  o ther  day, the equiva- 
l e n t  computer would be ava i l ab le  maybe 15 years  hence on 
s i x  chips ,  and t h a t  i s  memory and a l l .  Maybe s impl i f ied  
algorithms a r e  n o t  a l l  t h a t  important; but again,  i n  the 
i n t e r e s t  of keeping c o s t s  down, we don ' t  want t o  overlook 
J L ,  
l e s s  route-oriented and w i l l  depend on the navigation 
computer t o  s e l e c t  d i f f e r e n t  navigation sensors  a s  the  phase 
and route  of f l i g h t  vary. Systems providing inputs  t o  the 
area  navigation computer a re  expected t o  include VOR-DME, 
DME-DME, INS, LORAN-C, OMEGA and MLS. 
GLOBAL POSITIONING SYSTEM 
FAA has i n i t i a t e d  an extensive program t o  de f ine  the 
p o t e n t i a l  f u t u r e  ro le  of Global Posi t ioning System (GPS) a s  
an element of the c i v i l  av ia t ion  navigation system. The 
United S t a t e s  Coast Guard (USCG) already has a  program 
underway fo r  the development and evaluat ion of GPS rece ivers  
f o r  maritime use. The DOT is i n  the process of preparing an 
intermodal development plan which i n  turn w i l l  be coordinated 
and intedgrated w i t h  s imi lar  programs i n  other  agencies i n  
the  GPS area so as  a  department, we a re  placing every 
increasing emphasis on t h i s  program. W ?  have defined the  
a c t i v i t i e s  needed t o  address a number of i n s t i t u t i o n a l ,  c o s t ,  
and technica l  problems, which m u s t  be resolved i f  GPS is t o  
form a  p a r t  of the fu tu re  navigation system. 
I n s t i t u t i ~ n ~ l  Factors  i n  GPS 
Since GPS is  being designed as  a  U. S. m i l i t a r y  pos i t ion  
loca t ion  system, a  number of i n s t i t u t i o n a l  problems m u s t  be 
addressed before such a  system can become an i n t e g r a l  p a r t  of 
the  domestic and i n t e r n a t i o n a l  c i v i l  navigation system. I ' d  
l i k e  t o  mention a  few of the key issues:  
The a v a i l a b i l i t y  of s i g n a l s  of adequate accuracy a t  a l l  
times, including times of s t r e s s ,  is perhaps the most 
important i n s t i t u t i o n a l  f a c t o r .  A preliminary evaluat ion of 
the GPS s i g n a l s  as  they a re  cu r ren t ly  proposed ind ica tes  t h a t  
many of the  c i v i l  requirements could probably be met w i t h  the  
c l e a r  acqu i s i t ion  (C/A) channel s igna l .  Current ly the 
Department of Defense is studying the  ques t ions  of s i g n a l  
accuracy and a v a i l a b i l i t y  which might be of fered  for  c i v i l  
navigation and has provided the  r e s u l t s  of the f i r s t  por t ion  
of t h i s  study. I f  the cu r ren t ly  hoped-for accuracy of the 
c l ea r / acqu i s i t ion  s i g n a l  were ava i l ab le  a t  a l l  t imes,  except 
fo r  c o n f l i c t s  involving the immediate s a f e t y  of the United 
S t a t e s ,  then GPS becomes an a t t r a c t i v e  a l t e r n a t i v e  f o r  the 
fu tu re  c i v i l  navigation system. We bel ieve  the c i v i l  user 
community w i l l  be very much i n t e r e s t e d  in  GPS i f  i t  can o f f e r  
a  b e t t e r  se rv ice  than cur ren t  systems a t  a  lower user cos t .  
In u t  out  u t .  Tha input and output deviceu and tech- I"LY- n quen a r e  c e r t a i n l y  a c r i t i c a l  p a r t  becnusc of the  
blunder r a t e  of 3 perrent  which "kind of scares you t o  
death.  " 
Now, the re  a r e  the thinglr t h a t  a r e  required i n  order t o  
get a coa t -e f fec t ive  n~ininlun user eq~ ip r r~en t ;  but then you can 
add t o  t h i s  technology base and you can get t h e  kinds of capa- 
bi1i t io .c  nhown i n  Figure 3-2. Thene go a l l  t h e  wny from basic 
RNAV up t o  f u l l  automation t h a t  w i l l  tune your r ad ios  t o r  you 
o r  whatever, depending on the  th ickness  of your pocketbook. 
Of theso,  t h e  high accuracy (P-code) is r e a l l y  t h e  only one 
t h a t  involve8 hardware development o r  addi t ional  hardwnre 
requircn~entn,  with the except ion of  input and d l  splay devices. 
The r e s t  of  it i s  p r i n c i p a l l y  uoftware so t h i s  i s  why we s t ~ y  
t h a t  t h e  r e a l  d r i v e r  f o r  t h e  technology program i n  the  low- 
c o s t  user  and n o t  t h e  fel low who wants t h e  maximurn perform- 
ance out o f  t h e  system, 
A s  I previous ly  sa id ,  we have proposed a  prograrl t o  NASA 
Headquarters that i s  being cons~.dered f o r  f i s c a l  year 1981 
funding, and it would includo the development of t h e  technol- 
ogies  previously descr ibed.  S t  woul d include the  bui lding 
of  Breadboard Systems t o  eval'mte t h e m  concept s a s  developed . 
W e  would a n t i c i p a t e  t h a t  t h a t  would be 4 t o  5 yearo down the  
pike before w e  had t h e  hardware ava i l ab le  for  evaluat ion.  It 
would a l s o  include f l i g h t  experiments under simulated and r e a l  
t r a f f i c  condi t ions  so  t h a t  we could get  a d a t a  base on how 
well  such a system could perform. 
We think t h a t  t h e  output from a program l i k e  t h i s  would 
provide indus t ry  with the  technology t h a t  they would recluirra 
t o  design and b u i l d  low-cost equipment, and I have heard num- 
bers under $1,000 i f  t h i s  wonderful VliSI Program r e a l l y  comes 
througll. Such a  program wou:d a l s o  provicio a  perfornancc; data  
base t h a t  would a l low FAA and DOT t o  make very r e a l i s t i c  eval- 
uat ions o f  f u t u r e  ATC concepts using such systems. 
We hope t h a t  w e  w i l l  be funded i n  t h a t  proqram and ge t  
underway here  i n  about another year.  
explorat ion.  The program w i l l  a l s o  examine the use of a i r -  
borna weather radar i n  conjunction w i t h  supplementary equip- 
ment t o  a s s i s t  i n  loca t ing  and making approaches t o  of fshore  
o i l  r i g  loca t ions ,  T h i s  l a t t e r  a c t i v i t y  w i l l  examine the 
ef f  ec t ivcness  of seve ra l  techniques including ac t ive  beacon 
systems, passive r e f l e c t o r s ,  corner r e f l e c t o r s ,  and a  va r i e ty  
of RF lenses  for  t h i s  purpose. Data c o l l e c t i o n  w i l l  be 
conducted u s i n g  a  NASA CH-53H hel icopter  operat ing along the  
area navigation routes  between Boston and Washington National 
Airpor ts .  I n i t i a l l y ,  the TDL-424 LORAN-C receiver  w i l l  be 
used t o  take the  da ta .  Later t e s t s  w i l l  take comparative 
data  on both the  TDL-424 and the lower c o s t  TDL-711 systems. 
Another FAA e f f o r t  w i l l  be da ta  c o l l e c t i o n  taken by the  
FAA/NASA hel icopter  operating i n  the  of fshore  area i n  the  
v i c i n i t y  of A t l a n t i c  City.  The da ta  c o l l e c t i o n  system w i l l  
simultaneously be taking data  from the  VOR-DME (where 
a v a i l a b l e ) ,  LORAN-C, and OMEGA systems on board the 
he l icopter .  
I n  addi t ion t o  the FAA a c t i v i t y ,  the  Coast Guard w i l l  
be operat ing a  he l icopter  equipped w i t h  TDL-424 avionics  
equipment along a  route  between O t i s  Air Force Base i n  
Massachusetts and Washington National Airport .  Pos i t ion  da ta  
w i l l  be taken from the ARTS I11 f a c i l i t i e s  located along the 
route  t o  assess  the  performance of the LORAN-C system i n  
he l icopter  operat ions.  
FUTURE NAVIGATION SYSTEM REQUIREMENTS 
FAA has al.so undertaken the very d i f f i c u l t  task of 
developing area navigation s tandards fo r  the fu tu re  system. 
T h i s  a c t i v i t y  is addressing the  question of defining 
requirements fo r  systems where the c h a r a c t e r i s t i c s  of the  
e r r o r  a r e  random. Current systems such as  VOR-DME, INS, 
Doppler, tend t o  be character ized by b ias  types of e r r o r s .  
The requirement work is a l s o  addressing the e f f e c t  of e r ro r  
buildup during a i r c r a f t  maneuvers arid the  e f f e c t  on the  p i l o t  
of in te rmi t t en t  updating of the f l i s h t  d isplay.  The output 
of t h i s  a c t i v i t y  w i l l  be a  s e t  of requirements which w i l l  be 
non-system specif  i c a t i ~ n .  T h i s  a c t i v i t y  a l s o  includes 
considerat ion of new user requirements for  increasing STOL 
and VTOL I F R  operat ions;  assessment of the benef i t s  t h a t  
could be derived from higher accurac:y navigation s i g n a l s  
providing more complete coverage; and analys is  of the system 
c h a r a c t e r i s t i c s  of p o t e n t i a l  f u t u r e  navigation systems. In  
conducting t h i s  a c t i v i t y ,  i t  is envisioned t h a t  a navigation 
management computer w i l l  become the hear t  of the  f u t u r e  
navigation system on many a i r c r a f t .  Navigation w i l l  become 
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less route-oriented and will depend on the navigation 
computer to select different navigation sensors as the phase 
and route of flight vary. Systems providing inputs to the 
area navigation computer are expected to include VOR-DME, 
DME-DME, INS, LORAN-C, OMEGA and MLS. 
GLOBAL POSITIONING SYSTEM 
FAA has initiated an extensive program to define the 
potential future role of Global Positioning System (GPS) as 
an element of the civil aviation navigation system. The 
United States Coast Guard (USCG) already has a program 
underway for the development and evaluation of GPS receivers 
for maritime use. The DOT is in the process of preparing an 
intermodal development plan which in turn will be coordinated 
and intedgrated with similar programs in other agencies in 
the GPS area so as a department, we are placing every 
increasing emphasis on this program. W ?  have defined the 
activities needed to address a number of institutional, cost, 
and technical problems, which must be resolved if GPS is to 
form a part of the future navigation system. 
Instituti~n~l Factors in GPS 
Since GPS is being designed as a U. S. military position 
location system, a number of institutional problems must be 
addressed before such a system can become an integral part of 
the domestic and international civil navigation system. I'd 
like to mention a few of the key issues: 
The availability of signals of adequate accuracy at all 
times, including times of stress, is perhaps the most 
important institutional factor. A preliminary evaluation of 
the GPS signals as they are currently proposed indicates that 
many of the civil requirements could probably be met with the 
clear acquisition (C/A) channel signal. Currently the 
Department of Defense is studying the questions of signal 
accuracy and availability which might be offered for civil 
navigation and has provided the results of the first portion 
of this study. If the currently hoped-for accuracy of the 
clear/acquisition signal were available at all times, except 
for conflicts involving the immediate safety of the United 
States, then GPS becomes an attractive alternative for the 
future civil navigation system. We believe the civil user 
community will be very much interested in GPS if it can offer 
a better service than current systems at a lower user cost. 
exploration. The program will also examine the use of air- 
borna weather radar in conjunction with supplementary equip- 
ment to assist in locating and making approaches to offshore 
oil rig locations, This latter activity will examine the 
effectiveness of several techniques including active beacon 
systems, passive reflectors, corner reflectors, and a variety 
of RF lenses for this purpose. Data collcction will be 
conducted using a NASA CH-53H helicopter operating along the 
area navigation routes between Boston and Washington National 
Airports. Initially, the TDL-424 LORAN-C receiver will be 
used to take the data. Later tests will take comparative 
data on both the TDL-424 and the lower cost TDL-711 systems. 
Another FAA effort will be data collection taken by the 
FAA/NASA helicopter operating in the offshore area in the 
vicinity of Atlantic City. The data collection system will 
simultaneously be taking data from the VOR-DME (where 
available), LORAN-C, and OMEGA systems on board the 
helicopter. 
In addition to the FAA activity, the Coast Guard will 
be operating a helicopter equipped with TDL-424 avionics 
equipment along a route between Otis Air Force Base in 
Massachusetts and Washington National Airport. Position data 
will be taken from the ARTS I11 facilities located along the 
route to assess the performance of the LORAN-C system in 
helicopter operations. 
FUTURE NAVIGATION SYSTEM REQUIREMENTS 
FAA has al.so undertaken the very difficult task of 
developing area navigation standards for the future system. 
This activity is addressing the question of defining 
requirements for systems where the characteristics of the 
error are random. Current systems such as VOR-DME, INS, 
Doppler, tend to be characterized by bias types of errors. 
The requirement work is also addressing the effect of error 
buildup during aircraft maneuvers arid the effect on the pilot 
of intermittent updating of the flisht display. The output 
of this activity will be a set of requirements which will be 
non-system specif icati~n. This activity also includes 
consideration of new user requirements for increasing STOL 
and VTOL IFR operations; assessment of the benefits that 
could be derived from higher accurac:y navigation signals 
providing more complete coverage; and analysis of the system 
characteristics of potential future navigation systems. In 
conducting this activity, it is envisioned that a navigation 
management computer will become the heart of the future 
navigation system on many aircraft. Navigation will become 
D r .  Norbert Hemerath 
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What I w i l l  d i scuss  i s  g a s e n t i a l l y  a  quick overview of 
the a c t i v i t y  t h a t  w e  have bean engaged i n  a t  Co l l ins  f o r  some 
time on t h e  genera l ized  development model of GPS user  equip- 
ment under c o n t r a c t  t o  t h e  A i r  Force Avionics Lab. I want t o  
t o l l  you a  l i t t l e  b i t  about t h a t  system and expreas a  f e w  
thoughts about how t h a t  a c t i v i t y  might r e l a t e  t o  f u t u r e  work, 
p a r t i c u l a r l y  i n  t h e  c i v i l  app l i ca t ions  area.  
F i r s t  of a l l ,  a  l i t t l e  b i t  on t h e  program and i t s  back- 
ground. The Generalized Development Model (GDM) Program was 
intended t o  e s t a b l i s h  j u s t  exac t ly  hov well  GPS use r  equipment 
can perform under a  combination of  jamn~ing and dynamics. Obvi- 
ously,  t h e  combination--the simultaneous ex i s t ence  of t h e  two-- 
i s  t h e  problem. The whole o b j e c t i v e  o f  t h e  program was t o  do 
everything t h a t  w e  poss ib ly  could t o  e s t a b l i s h  t h e  performance 
l i m i t s  of a GPS u s e r  s e t  under t h i s  combination of condi t ions.  
As a  consequence, what we have designec f o r  t h e  A i r  Force i s  
r e a l l y  a very capable  p iece  of  t e s t  equipment r a t h e r  than  a  
prototype of  any u s e r  equipment. It r e a l l y  i s  a  labora tory  
piece of  equipment intended t o  have a g r e a t  d e a l  of f l e x i b i l i t y  
and t h e  c a p a b i l i t y  t o  explore var ious  opera t iona l  modes. 
W e  s t a r t e d  work on t h e  GDM program e a r l y  t o  mid-October 
1475, and it was de l ive red  i n  t h e  summer t o  t h e  A i r  Force 
Avionics Lab and subsequently s e n t  t o  t h e  Yuma t e s t  range. 
A b r i e f  top-level  d e s c r i p t i o n  of t h e  c h a r a c t e r i s t i c s  of 
the GDM is  a s  follows: f t  i s  a  five-channel system. It has 
a  s t ee red  beam antenna system. It f e a t u r e s  f u l l  i n e r t i a l  aid- 
ing on both code and c a r r i e r  loops,  and it h a s  a  mult iplex bus 
interconnect  s t r u c t u r e ,  using t h e  M i l  Standard 1553A. That i s  
a  f e a t u r e  t h a t  was pu t  i n  t o  d e m ~ n s t r a t e  the  1553A c a p a b i l i t y  
i n  a  high-performance app l i ca t ion .  Clear ly  it i s  no t  appro- 
p r i a t e  f o r  a  commercial app l i ca t ion .  
For reasons o f  convenience, w e  grouped t h e  system i n t o  
the  major subsystems. The rece iv ing  subsystem c o n s i s t s  of the  
antenna, RF u n i t s ,  s i g n a l  processing funct ions ,  and what we 
c a l l  a receivex c o n t r o l l e r ,  which i s  nothing more than a  s o f t -  
ware program t o  implement t r ack ing  loops and d a t a  decoding. 
The navigat ion processing funct ion  u t i l i z e s  t h e  pseudo- 
range measurements o u t  of  t h e  r ece ive r  and t u r n s  them i n t o  t h e  
l e s s  route-oriented and w i l l  depend on the navigation 
computer t o  s e l e c t  d i f f e r e n t  navigation sensors  as the  phase 
and route  of f l i g h t  vary. Systems providing inputs  t o  the 
area  navigation computer a re  expected t o  include VOR-DME, 
DME-DME, INS, LORAN-C, OMEGA and MLS. 
GLOBAL POSITIONING SYSTEM 
FAA has i n i t i a t e d  an extensive program t o  de f ine  the 
p o t e n t i a l  f u t u r e  ro le  of Global Posi t ioning System (GPS) a s  
an element of the c i v i l  av ia t ion  navigation system. The 
United S t a t e s  Coast Guard (USCG) already has a  program 
underway fo r  the development and evaluat ion of GPS rece ivers  
f o r  maritime use. The DOT is i n  the process of preparing an 
intermodal development plan which i n  turn w i l l  be coordinated 
and intedgrated w i t h  s imi lar  programs i n  other  agencies i n  
the  GPS area so as  a  department, we a r e  placing every 
increasing emphasis on t h i s  program. W ?  have defined the  
a c t i v i t i e s  needed t o  address a number of i n s t i t u t i o n a l ,  c o s t ,  
and technica l  problems, which m u s t  be resolved i f  GPS is t o  
form a  p a r t  of the f u t u r e  navigation system. 
I n s t i t u t i ~ n ~ l  Factors  i n  GPS 
Since GPS is  being designed as  a  U .  S. m i l i t a r y  pos i t ion  
loca t ion  system, a  number of i n s t i t u t i o n a l  problems m u s t  be 
addressed before such a  system can become an i n t e g r a l  p a r t  of 
the  domestic and i n t e r n a t i o n a l  c i v i l  navigation system. I ' d  
l i k e  t o  mention a  few of the key issues:  
The a v a i l a b i l i t y  of s i g n a l s  of adequate accuracy a t  a l l  
times, including times of s t r e s s ,  is perhaps the most 
important i n s t i t u t i o n a l  f a c t o r .  A preliminary evaluat ion of 
the GPS s i g n a l s  as  they a re  cu r ren t ly  proposed ind ica tes  t h a t  
many of the  c i v i l  requirements could probably be met w i t h  the  
c l e a r  acqu i s i t ion  (C/A) channel s igna l .  Current ly the 
Department of Defense is studying the  ques t ions  of s i g n a l  
accuracy and a v a i l a b i l i t y  w h i c h  might be of fered  for  c i v i l  
navigation and has provided the  r e s u l t s  of the f i r s t  por t ion  
of t h i s  study. I f  the cu r ren t ly  hoped-for accuracy of the 
c l ea r / acqu i s i t ion  s i g n a l  were ava i l ab le  a t  a l l  t imes,  except 
fo r  c o n f l i c t s  involving the immediate s a f e t y  of the United 
S t a t e s ,  then GPS becomes an a t t r a c t i v e  a l t e r n a t i v e  f o r  the 
fu tu re  c i v i l  navigation system. We bel ieve  the c i v i l  user 
community w i l l  be very much i n t e r e s t e d  i n  GPS i f  it:  can o f f e r  
a b e t t e r  se rv ice  than cur ren t  systems a t  a  lower user cos t .  
navigation parameters, t h a t  i s ,  3-D pos i t ion  v e l o c i t y  and 
r e l a t e d  q u a n t i t i e s .  
The i n t e r f a c e  and a u x i l i a r y  equipments c o n s i s t  of t h e  
i n e r t i a l  system, which provides t h e  a id ing ,  and a  bus cont ro l  
assembly, which c o n t r o l s  t h e  t r a f f i c  on t h e  1553A bus. There 
i s  a l s o  an 1/0 u n i t  c a l l e d  an i n t e r f a c e  assembly and a  con t ro l  
d i sp lay  u n i t  which i s  t h e  opera tor  i n t e r f a c e  t o  t h e  system. 
With r e s p e c t  t o  t h e  a r c h i t e c t u r e  of t h e  system, t h e  higli- 
performance antenna o r  t h e  s t ee red  beam antenna i s  a  un i t  
capable o f  developing four  simultaneous beams. 
The beams a r e  s teered  w i t h  pointing commands from t h e  
d a t a  processor.  The four  outputs  of  t h a t  antenna a r e  derived 
from four  s e p a r a t e  s a t e l l i t e s  and go t o  t h e  RF r e c e i v e r  un i t .  
We have used four  sepa ra te  RF i npu t s  t o  t h e  rece iver  
although because t h i s  i s  a code-multiplexed system, a  s ing le  
RF channel would be adequate. The reason w e  d i d  t h a t  i s  
r e l a t e d  t o  maximum A / J  performance. 
That i s ,  by using four  sepa ra te  RF p o r t s ,  we ge t  t h e  
b e n e f i t  o f  n o t  fo ld ing  four  separa te  noise  spec t ra  i n t o  one 
RF channel. In  t h i s  arrangement, each channel sees  only i t s  
own por t ion  o f  t h e  sky; and, secondari ly ,  any one of  t h e  beams 
can be severe ly  jammed o r  overcome by noise and t h e  o the r  
t h r e e  w i l l  remain opera t ional .  I f  the re  were a  s i n g l e  RF chan- 
n e l ,  a s i n g l e  severe  jamming occurrence i n  any one of the  four 
beams could t a k e  t h e  whole u n i t  out  of operat ion.  Again, t h i s  
i s  an e l a b o r a t e  design fea tu re  w e  put  i n  a  p iece  of  test equip- 
ment t h a t  w e  would c e r t a i n l y  no t  expect t o  see  i n  a p iece  of 
production equipment, e i t h e r  m i l i t a r y  o r  c i v i l .  
The FU? u n i t  h a s  f i v e  outputs  feeding f i v e  s igna l  proc- 
essors .  Another element i n  t h e  system i n t e r n a l  t o  t h e  RF 
u n i t  i s  a sof tware-control led 8-by-5 swi tch .  That switch 
in terconnects  any one of t h e  e i g h t  RF outputs ,  t h a t  i s ,  L-1 
and 1,-2 on each o f  four  s a t e l l i t e s ,  t o  f i v e  s i g n a l  processor?.  
Normal mode of operat ion wo11ld be with one s igna l  proc- 
e s so r  dedicated t o  each of t h e  four  s a t e l l i t e s  l i s t e n i n g  t o  
L-1 w i t h  t h e  f i f t h  s i g n a l  processor l i s t e n i n g  t o  L-2 on one 
explorat ion.  The program w i l l  a l s o  examine the use of a i r -  
borna weather radar i n  conjunction w i t h  supplementary equip- 
ment t o  a s s i s t  i n  loca t ing  and making approaches t o  of fshore  
o i l  r i g  loca t ions ,  T h i s  l a t t e r  a c t i v i t y  w i l l  examin2 the 
e f fec t iveness  of seve ra l  techniques including ac t ive  beacon 
systems, passive r e f l e c t o r s ,  corner r e f l e c t o r s ,  and a  va r i e ty  
of RF lenaes for  t h i s  purpose. Data c o l l e c t i o n  w i l l  be 
conducted u s i n g  a  NASA CH-53H hel icopter  operating along the  
area navigation routes  between Boston and Washington National 
Airpor ts .  I n i t i a l l y ,  the TDL-424 LORAN-C receiver  w i l l  be 
used t o  take the  da ta .  Later t e s t s  w i l l  take comparative 
data  on both the  TDL-424 and the lower c o s t  TDL-711 systems. 
Another FAA e f f o r t  w i l l  be da ta  c o l l e c t i o n  taken by the  
FAA/NASA hel icopter  operat ing i n  the  of fshore  area i n  the  
v i c i n i t y  of A t l a n t i c  City.  The da ta  c o l l e c t i o n  system w i l l  
simultaneously be taking data  from the  VOR-DME (where 
a v a i l a b l e ) ,  LORAN-C, and OMEGA systems on board the 
he l icopter .  
I n  addi t ion t o  the FAA a c t i v i t y l  the  Coast Guard w i l l  
be operat ing a  he l icopter  equipped w i t h  TDL-424 avionics  
equipment along a  route  between O t i s  Air Force Base i n  
Massachusetts and Washington National Airport .  Pos i t ion  da ta  
w i l l  be taken from the ARTS I11 f a c i l i t i e s  located along the 
route  t o  assess  the  performance of the LORAN-C system i n  
he l icopter  operat ions.  
FUTURE NAVIGATION SYSTEM REQUIREMENTS 
FAA has al.so undertaken the very d i f f i c u l t  task of 
developing area navigation s tandards fo r  the fu tu re  system. 
T h i s  a c t i v i t y  is addressing the  question of defining 
requirements fo r  systems where the c h a r a c t e r i s t i c s  of the  
e r r o r  a r e  random. Current systems such as VOR-DME, INS, 
Doppler, tend t o  be character ized by b ias  types of e r r o r s .  
The requirement work is a l s o  addressing the e f f e c t  of e r ro r  
buildup during a i r c r a f t  maneuvers arid the e f f e c t  on the p i l o t  
of in te rmi t t en t  updating of the f l i s h t  d isplay.  The output 
of t h i s  a c t i v i t y  w i l l  be a  s e t  of requirements which w i l l  be 
non-system specif  lcati.cn. T h i s  a c t i v i t y  a l s o  includes 
considerat ion of new user requirements for  increasing STOL 
and VTOL I F R  operat ions;  assessment of the benef i t s  t h a t  
could be derived from higher accurac:y navigation s i g n a l s  
providing more complete coverage; and analys is  of the system 
c h a r a c t e r i s t i c s  of p o t e n t i a l  f u t u r e  navigation systems. In  
conducting t h i s  a c t i v i t y ,  i t  is envisioned t h a t  a navigation 
management computer w i l l  become the hear t  of the  f u t u r e  
navigation system on many a i r c r a f t .  Navigation w i l l  become 
of t h e  channels and slowly sequencing anlong t h e  remaining 
three.  That, o f  course,  i s  t o  get  t h e  d a t a  f o r  ionospheric 
cor rec t ion .  
The switch i s  con t ro l l ed  by software i n  t h e  d a t a  proc- 
essor  and u l t ima te ly  by the  opera tor  inpu t s  on t h e  con t ro l  
d isp lay  u n i t ,  s o  t h e r e  i s  a g r e a t  dea l  of f l e x i b i l i t y  i n  terms 
of e s t a b l i s h i n g  system configurat ion and in terconnect  r i g h t  
from t h e  opera tor  panel  i n  t h i s  p a r t i c u l a r  system. 
The s i g n a l  processors  perform t h e  c o r r e l a t i o n  function, 
i . e . ,  t h e  despreading, narrowband t r ack ing ,  and so  on. The 
a c t u a l  t racking  loop funct ions ,  though, a r e  implemented i n  
software i n  a d i g i t a l  processor.  Each of t h e  f i v e  channels 
i s  serv iced  hy t h a t  processor ,  and both code and c a r r i e r  
loops a r e  a c t u a l l y  c losed  i n  software. The software imple- 
mentation i s  another f e a t u r e  of  t h i s  system t h a t  supports  
easy modif icat ions t o  t h e  design of those  loops,  
A t  t h i s  p o i n t ,  we have discussed t h e  complete receiving 
subsystem. It ou tpu t s  pseudo range and d e l t a  range, which 
subsequently 40 t o  t h e  da ta  processing. The da ta  processor 
implements t h e  naviga t ion  funct ions.  I t  conta ins  very sophis- 
t i c a t e d  f i l t e r i n g  algorithms t h a t  blend t h e  pseudo range and 
d e l t a  range d a t a  with t h e  v e l o c i t y  and p o s i t i o n  outputs  from 
the  i n e r t i a l  system. 
The t r ack ing  loop a id ing  i s  derived i n  t h e  da ta  processor 
and s e n t  back t o  t h e  s i g n a l  processors f o r  a narrowband t rack-  
ing. The antenna i s  s t ee red  o u t  of t h e  da ta  processor and, of 
course,  a l l  o f  t h e  navigat ion algorithms having t o  do with 
guidance and present  p o s i t i o n  a r e  a l s o  implemented i n  t h e  data  
processor.  
I n  summary, t h e  GDM i s  a very,  very capable t e s t  u n i t ,  
and it i s  r e a l l y  an a r c h i t e c t u r e  t h a t  can provide q u i t e  a 
v a r i e t y  of test  conf igura t ions ;  but  i n  no sense i s  it an 
a r c h i t e c t u r e  t h a t  would be a prototype of  u l t imate  user equip- 
ment. Funct ional ly ,  it i s  equivalent  t o  a v a r i e t y  of user 
equipment, b u t  t h e  hardware used t o  support  t h e  implementation 
i s  f a r  i n  excess  of what would be reasonable f o r  any user 
equipment implementation. 
Concerning t h e  high-performance aspec t s  of t h e  system, I 
indica ted  t h e r e  i s  a s t ee red  beam antenna i n  t h e  system t h a t  
l e s s  route-oriented and w i l l  depend on the navigation 
computer t o  s e l e c t  d i f f e r e n t  navigation sensors  a s  the  phase 
and route  of f l i g h t  vary. Systems providing inputs  t o  the 
area  navigation computer a re  expected t o  include VOR-DME, 
DME-DME, INS, LORAN-C, OMEGA and MLS. 
GLOBAL POSITIONING SYSTEM 
FAA has i n i t i a t e d  an extensive program t o  def ine  the 
p o t e n t i a l  f u t u r e  ro le  of Global Posi t ioning System (GPS) a s  
an element of the c i v i l  av ia t ion  navigation system. The 
United S t a t e s  Coast Guard (USCG) already has a program 
underway fo r  the development and evaluat ion of GPS rece ivers  
f o r  maritime use. The DOT is i n  the process of preparing an 
intermodal development plan which i n  turn w i l l  be coordinated 
and intedgrated w i t h  s imi lar  programs i n  other  agencies i n  
the GPS area so  as  a department, we a re  placing every 
increasing emphasis on t h i s  program. W ?  have defined the  
a c t i v i t i e s  needed t o  address a number of i n s t i t u t i o n a l ,  cos t ,  
and technica l  problems, which m u s t  be resolved i f  GPS is t o  
form a p a r t  of the f u t u r e  navigation system. 
S n s t i t u t i o n L 1  Factors  i n  GPS 
Since GPS is  being designed as  a U .  S.  m i l i t a r y  pos i t ion  
loca t ion  system, a number of i n s t i t u t i o n a l  problems m u s t  be 
addressed before such a system can become an i n t e g r a l  p a r t  of 
the  domestic and i n t e r n a t i o n a l  c i v i l  navigation system. I ' d  
l i k e  t o  mention a few of the key issues:  
The a v a i l a b i l i t y  of s i g n a l s  of adequate accuracy a t  a l l  
times, including times of s t r e s s ,  is perhaps the most 
important i n s t i t u t i o n a l  f a c t o r .  A prel iminary evaluat ion of 
the GPS s i g n a l s  as  they a re  cu r ren t ly  proposed ind ica tes  t h a t  
many of the  c i v i l  requirements could probably be met w i t h  t he  
c l e a r  acqu i s i t ion  (C/A) channel s igna l .  Current ly the 
Department of Defense is studying the  ques t ions  of s i g n a l  
accuracy and a v a i l a b i l i t y  w h i c h  might be of fered  for  c i v i l  
navigation and has provided the  r e s u l t s  of the f i r s t  por t ion  
of t h i s  study. I f  the cu r ren t ly  hoped-far accuracy of the 
c l ea r / acqu i s i  t ion  s i g n a l  were ava i l ab le  a t  a l l  t imes,  except 
fo r  c o n f l i c t s  involving the immediate s a f e t y  of the United 
S t a t e s ,  then GPS becomes an a t t r a c t i v e  a l t e r n a t i v e  f o r  the 
fu tu re  c i v i l  navigation system. We bel ieve  the c i v i l  user 
community w i l l  be very much i n t e r e s t e d  i n  GPS i f  i t  can o f f e r  
a b e t t e r  se rv ice  than cur ren t  systems a t  a lower user cos t .  
i s  c a p a b l e  o f  g e n e r a t i n g  f o u r  s imul taneous  beams. It  p r o v i d e s  
u p  t o  a b o u t  e i g h t  o r  e i g h t  and a  h a l f  dB o f  g a i n  t o  each o f  
f o u r  s a t e l l i t e l s r  s i g n a l s ;  and e a c h  one o f  t h e  f o u r  beanls, by 
t h e  way, e n j o y s  t h e  f u l l  a p e r t u r e  ga in .  It  p r o v i d e s  15 dB o r  
more o f  d i s c r i m L n a t i o n  a g a i n s t  n o i s e  s o u r c e s  which a r e  o u t  o f  
t h e  beam. 
A d d i t i o n a l l y ,  w e  l o o k  a t  t h e  n u i l s  between s i d e  l o b e s .  
These have  minimum d e p t h  o f  abou t  25 dB, and we have imple- 
mented a n  A / J  a l g o r i t h m  t h a t  i s  a  s imple  form o f  n u l l  s t e e r i n g  
t o  t a k e  advan tage  o f  t h e s e  n u l l s .  
I n  i n e r t i a l  a i d i n g  u s e ,  t h e  h i g h - q u a l i t y  v e l o c i t y  ou t -  
p u t s  o f  t h e  i n e r t i a l  system a s s i s t  t h e  t r a c k i n g  l o o p s  i n  t h e  
r e c e i v e r  and t h e r e b y  a r e  a b l e  t o  p r o v i d e  s u b s t a n t i a l  band- 
wid th  r e d u c t i o n s .  With in  t h e  sys tem,  t o  d e m o n s t r a t e  how f a r  
w e  c o u l d  go ,  w e  implemented bandwidths f o r  code  t r a c k i n g  as  
low as . 0 3  Her tz .  
What t h e  i n e r t i a l  system o f f e r s  i n  terms o f  added n o i s e  
r e j e c t i o n  i s  1 2  t o  1 5  dB o f  added n o i s e  immunity. 
The above e l e m e n t s  a r e  t h e  p r i n c i p a l  A / J  e l e m e n t s  o f  t h e  
sys tem beyond what i s  a v a i l a b l e  i n  t h e  b a s i c  s i g n a l  s t r u c t u r e .  
Turning n e x t  t o  c i v i l  use ,  Phase I, which i s  t h e  con- 
c e p t  v a l i d a t i o n  phase  o f  GPS, f o r  us  was GDM. P r e s e n t l y ,  w e  
a t  C o l l i n s  a n d  o t h e r  c o n t r a c t o r s  a l s o  a r e  working v e r y  hard  
o n  Phase 11, which r e p r e s e n t s  t r a n s i t i o n  from t h e  l a b o r a t o r y  
environment  i n t o  a f u l l - s c a l e  development of p r o t o t y p e  equip-  
ment t o  a d d r e s s  a wide v a r i e t y  o f  m i l i t a r y  a p p l i c a t i o n s .  A 
s u b s t a n t i a l  number o f  v e h i c l e s  have been d e f i n e d  by t h e  J o i n t  
Program O f f i c e  as t a r g e t e d  f o r  t h e  equipment t h a t  i s  t o  be 
developed i n  Phase  I I B .  The work t h a t  i s  i n  Phase IIB w i l l  
f i l l  m i l i t a r y  n e e d s ,  and a l s o  a  l o t  o f  work t h a t  i s  done t h e l e  
we f e e l  s t r o n g l y  w i l l  f l o w  d i r e c t l y  i n t o  c i v i l  a p p l i c a t i o n s .  
W e  a t  C o l l i n s  b e l i e v e  t h a t  t h e r e  i s  a g r e a t  f u t u r e  f o r  GPS i n  
c i v i l  a i r c r a f t  a p p l i c a t i o n s - - a s  a  m a t t e r  o f  f a c t ,  i n  c i v i l  
a p p l i c a t i o n s  i n  g e n e r a l .  
Now, i f  w e  t a k e  a  l o o k  a t  GDlll a s  I have d e f i n e d  it f o r  
you and a s k  what  a r e  t h e  r e a l l y  b i g  d i f f e r e n c e s  between t h e  
e l e m e n t s  o f  t h a t  sys tem i n  terns o f  i t s  c a p a b i l i t i e s  and what 
we might  see a s  r e q u i r e m e n t s  i n  t h e  c i v i l  u s e r  a r e n a ,  b a s i c a l l y  
t h e y  f a l l  i n t o  t h e  f o l l o w i n g  c a t e g o r i e s .  I f  w e  l o o k  a t  t h e  
c i v i l  a v i a t i o n  n e e d s ,  w e  can  say  t h a t  yes ,  w e  would l i k e  t o  
see accuracy  b e t t e r  t h a n  w e  can  g e t  today ,  b u t  we c a n ' t  
h o n e s t l y  see many r e q u i r e m e n t s  t h a t  would demand t h e  extreme 
a c c u r a c i e s  t h e  m i l i t a r y  i s  s e e k i n g  f o r  dropping b l i n d  bombs. 
Moreover, i f  w e  look h o n e s t l y  a t  t h e  r e q u i r e m e n t s  i n  t h e  
c i v i l  a r e n a ,  w e  d o n ' t  have anywhere n e a r  t h e  dynamic r e q u i r e -  
ments  t h a t  t h e  m i l i t a r y  imposes. Tha t  is ,  w e  do  n o t  expec t  
t o  see F-15's f l y i n g  7 G  maneuvers i n  t h e  c i v i l  environment .  
They w i l l  be f l y i n g  i n  a i r s p a c e  Gut won' t  be  u s i n g  c i v i l  
equipment.  
I f  w e  t a k e  a l o o k  a t  what w e  have ,  it i s  p r i m a r i l y  a 
t r a n s p o r t  a n d  g e n e r a l  a v i a t i o n  environment;  and t h e  dynamics 
o f  t h o s e  v e h i c l e s  a r e  c o n s i d e r a b l y  lower  t h a n  t h e  high- 
performance m i l i t a r y  v e h i c l e s .  That  h a s  c e r t a i n  i m p l i c a t i o n s  
i n  terms o f  s i n ~ p l i f i e d  d e s i g n  t h a t  w e  would t a k e  advantage  o f .  
F i n a l l y ,  I have d i s c u s s e d  jamming and e l e c t r o m a g n e t i c  
i n t e r f e r e n c e  a s  b e i n g  a key o b j e c t i v e  o f  QDM. I f  w e  look  a t  
t h e  c i v i l  env i ronment ,  w e  c l e a r l y  have a much less s e v e r e  
e l e c t r o m a g n e t i c  envi ronment  than  t h e  m i l i t a r y  h a s  t o  cope 
wi th .  Tha t  i s  n o t  t o  s a y  t h a t  t h e r e  i s n ' t  EM1 a t  p l a c e s  l i k e  
O V H a r e .  W e  a l l  know t h a t  i s  a p o t e n t i a l  a r e a  o f  concern  t h a t  
must r e a l l y  be looked a t ;  b u t  i n  g e n e r a l ,  it is true t h a t  w e  
do n o t  have anywhere n e a r  t h e  s e v e r e  EM1 problems t h a t  e x i s t  
f o r  t h e  m i l i t a r y  a p p l i c a t i o n s .  
What does t h a t  imply? If we look a t  it from t h e  t o p  
down, t h e  i m p l i c a t i o n s  a r e  f a i r l y  obvious .  F i g u r e  4 - 1  shows 
a four -channe l  sys tem t h a t  would be des igned  a s  a b a s i c  u s e r  
equipment fo r  t h e  m i l i t a r y  requ i rement .  It would have four -  
channe l  s i m u l t a n e o u s  t r a c k i n g  c a p a b i l i t y ,  f o u r  s a t e l l i t e s ,  
t h a t  i s .  I t  would have b o t h  L-1 and L-2 RF c h a n n e l s  so t h a t  
i o n o s g h e r i c  c o r r e c t i o n s  c o u l d  be  made i n  r e a l  t i m e ;  and it 
h a s  v e r y  h i g h  a c c u r a c y ,  1 0  t o  2 0  meters. I n  a d d i t i o n  t o  t h a t ,  
i n  c e r t a i n  m i l i t a r y  a p p l i c a t i o n s ,  w e  would e x p e c t  t o  see t h i s  
d e s i g n  augmented w i t h  an  i n e r t i . a l  sys tem,  t h a t  is ,  i n e r t i a l  
a i d i n g  f o r  t h e  r e c e i v e r ;  and w e  xcight a l s o  e x p e c t  t o  see t h e  
s i m p l e  a n t e n n a  r e p l a c e d  w i t h  a high-performance antenna  f o r  
t h e  A / J  p r o t e c t i o n  t h a t  it would p rov ide .  
Now i f  we i n t e r p r e t  o u r  reduced r e q u i r e m e n t s  for  t h e  
c i v i l  s e c t o r ,  i t  is  p r e t t y  e a s y  t o  come down t o  t h e  s imple  
and s t r a i g h t f o r w a r d  a r c h i t e c t u r e  o f  F igure  4-2 and s a y  
p l a u s i b l y  t h a t  t h i s  might  meet t h e  c i v i l  r equ i rements .  We 
drop  back t o  o n e  s igna l  p r o c e s s i n g  channe l ;  w e  dropired L-2 
and a r e  s a y i n g  t h a t  w e  w i l l  n o t  make r e a l - t i m e  c o r r e c t i o n  
f o r  i o n o s p h e r i c  r e f r a c t i o ~ ;  w e  w i l l  make t h a t  c o r r e c t i o n  w i t h  
a mathemat ica l  model. I f  it o n l y  makes 50 p e r c e n t  o f  t h e  
c o r r e c t i o n ,  w e  w i l l  l i v e  w i t h  t h a t  because we d o n ' t  need t h e  
added accuracy .  We d o n ' t  have hard  t es t  d a t a  y e t ,  h u t  I 
t h i n k  a r e a s o n a b l e  e x p e c t a t i o n  i s  t h a t  t h i s  sys tem can a c h i e v e  
an a c c u r a c y  of a hundred,  two hundred meters. By t h e  way, I 
d i d n ' t  say i t ,  b u t  w e  a r e  a l s o  t a l k i n 4  about  n sys tem t h a t  
t r a c k s  CA o n l y ,  n o t  t h e  P code. S o  t h e r e  a r e  some s u b s t a n t i a l  
s i n ~ p l i f l c a t i o n s  t h c t  come abou t  he re .  We have a s i ~ p l e r  RF 
r e c e i v e r  and o n e  s i g n a l  p r o c e s s o r  v e r s u s  f o u r ,  Other  e lements  
which d o n ' t  show d i r e c t l y  a r e  t h a t  w i t h  lower  v e h i c l e  dynamics, 
t h e  t h r o u g h p u t  r e q u i r e m e n t s  on t h e  d a t a  p r o c e s s o r  w i l l  no t  be 
n e a r l y  a s  g r e a t  a s  t h e y  a r e  i n  t h e  m i l i t a r y  environnlent;  and 
s o  w e  e x p e c t  t o  see some r a t h e r  s u b s t a n t i a l  s i m p l i f i c a t i o n s  
i n  t h e  hardware f o r  a s y s t e n  o f  t h i s  k ind .  
One p o i n t  s h o u l d  be made b e f o r e  we go t o o  f a r  overboard .  
We have  t a l k e d  a l o t  abou t  GPS r e c e i v e r s .  X t h i n k  when people  
a r e  u s i n g  t h a t  term g e n e r i c a l l y ,  t h e y  a r e  r e a l l y  d e s c r i b i n g  
what I r e f e r  t o  a s  a GPS system, i . e . ,  a p i e c e  o f  u s e r  equip-  
ment t h a t  d o e s  something f o r  t h e  end u s e r  and n o t  j u s t  an RS? 
r e c e i v e r  i n  t h e  c o n v e n t i o n a l  sense .  Recognize t h a t  when w e  
t a l k  a b o u t  s i m p l i f i c a t i o n  o f  RF r e c e i v e r s  and s i g n a l  p r o c e s s o r s  
and a l l  t h e  n e a t  t h i n g s  t h a t  advanced L S I  can  do f o r  u s ,  w e  
a r e  t a l k i n g  a b o u t  o n l y  h a l f  o f  t h e  u s e r  equipment .  A t  t h e  
p o i n t  where t h e  pseuclo-range neasurements  a r e  made, approxi -  
ma te ly  one-hal f  t h e  u s e r  equipment c o s t s  a r e  a c c r u e d ;  t h e  
remaining h a l f  i s  f o r  d a t a  p r o c e s s i n g  and c o n t r o l / d i s p l a y .  
We s h o u l d n ' t  l o s e  s i g h t  of  t h a t  f a c t  a s  w e  go on. 
I n  summary, t h e n ,  w e  have heard a l o t  o f  t a l k  about  t ech-  
nology,  and w e  w i l l  d i s c u s s  it  f u r t h e r .  The t echno logy  t o  
make a l l  t h i s  happen i s  v e r y  i m p c r t a n t ,  b u t  1 f i r m l y  b e l i e v e  
t h a t  what w e  need worse t h a n  technology a t  t h e  p r e s e n t  time, 
i n  t h e  c i v i l  a p p l i c a t i o n s ,  i s  an environment .  W e  need t o  have 
an envi ronment  c r e a t e d  where t h e  set of u s e r s  w i l l  r e c o g n i z e  
t h a t  GPS h a s  v a l u e  f o r  them and w i l l  do somethir.g for  them, 
When t h a t  i s  g e n e r a l l y  recogxlizcd arid CPS becomes v e r y  a t t r a c -  
t i v e  t o  u s e r s ,  t h e n  i t  i n  t u r n  w i l l  tlcc ~e v e r y ,  v e r y  a t t r a c t i v e  
f o r  t h e  manufacturers  t o  go o f f  and c r e a t e  t h e  equipment t o  
f i l l  t h a t  need. When t h a t  environment e x i s t s  and t h a t  chain 
of e v e n t s  i s  p u t  i n t o  p l a c e ,  t h e  tochnology w i l l  t ake  c a r e  of  
i t s e l f  j u s t  a#  it  has  done i n  t h e  pant. So i f  we go t o o  f a r  
ou t  on  a limb s t a r t i n g  t o  de r ign  LSI  and s p e c i a l  ch ips ,  w e  
are r e a l l y  n o t  working t h e  r i g h t  p a r t  of  t h e  problem a t  t h i s  
time . 
UESTTON ( M r .  Leslie K l i n e ,  T ranapor t a t i on  Systems 
Center %"=w- ould  you p l e a s e  expand on your remarks concerning 
the  data process ing  and c o n t r o l / d i s p l a y  r ep re sen t ing  50 per- 
cen t  of Bystem c o s t ?  
ANSWER - I f i r m l y  b e l i e v e  t h a t  c o n t r o l / d i s p l a y  u n i t s  and 
p roces so r s  r e p r e s e n t  5 0  p e r c e n t  of system c o s t  and t h a t  t h a t  
number can be suppor ted ,  
Half o r  less o f  t h e  c o s t  w i l l  be i n  t h e  r e c e i v i n g  auk- 
system; t h e  o t h e r  h a l f  i s  going t o  be  n o t  o n l y  i n  t h e  proc- 
e s so r .  W e  c an  t a l k  about  low-cost microprocessors  and they  
a r e  low-cost and t h e y  w i l l  become lower c o s t  and memory w i l l  
become d i r t  cheap and a l l  t h o s e  good th ings ;  bu t  you s t i l l  
need t o ,  i n  every  a i r c r a f t  i n s t a l l a t i o n ,  i n t e r f a c e  wi th  a 
p i l o t .  That means a c o n t r o l  d i s p l a y  u n i t  t h a t  i s  usab le  s o  
he c a n  f l y  i n  c o n t r o l l e d  a i r s p a c e  under t r u e  IFR cond i t i ons .  
In  a d d i t i o n  t o  t h a t ,  you need t o  i n t e r f a c e  w i t h  h i s  a i r c r a f t  
ins t ruments ,  h i s  primary a i r c r a f t  f l i g h t  ins t ruments ,  probably 
an a u t o p i l o t ,  and s o  on ,  maybe an a l t i m e t r y  system. The c o s t  
of i n t e r f a c i n g ,  wh i l e  i t  i s  coming down, i s  n o t  on t h e  same 
s l o p e  t h a t  microprocessor  c o s t s  a r e .  I f  you s t a r t  looking a t  
a l l  t h o s e  p i e c e s  t h a t  show up i n  suppor t  02 t h e  processor ,  I 
would ag ree  t h a t  t h e  microprocessor  i t s e l f  i s n s t  a l a r g e  ele- 
ment o f  t h a t ;  b u t  I would a l s o  s a y  t h a t  I t h i n k  t h e  c o n t r o l  
d i s p l a y  u n i t ,  i f  well-designed t o  communicate wi th  t h a t  system, 
a s  it must be ,  w i l l  b e  a very  s u b s t a n t i a l  c o s t  i n  t h a t  system. 
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Maqnavox Advanced P r o d u c t s  D i v i s i o n  
I would l i k e  t o  d i s c u s s  where w e  a r e  qoinq i n  t h e  a r e a  
of c i v i l  a p p l i c a t i o n s  o f  GPS, p a r t i c u l a r l y  w i t h  regard  t o  
r s a u i r e n e n t s  a s  we ree them, I n  a d d i t i o n ,  I w i l l  t a l k  a  
l i t t l e  b i t  about  t h e  2-ae t ,  which, a t  t h e  p r e s e n t  timc, is 
probably  t h e  o n l y  a v a i l a b l e  GPS r e c e i v e r  t h a t  i r  a n  example 
o i  a low-cost set which might meet t h e  c i v i l  requi rcmcnt .  
We have c h o s e n  t o  look a t  q e n e r a l  a v i a t i o n  a s  b e i n r ~  
made up o f  s e v e r a l  classes o f  upera  w i t h  d i f f e r e n t  l e v e l s  
of  r equ i rements .  The f i r s t  c a t e q o r y  we c o n s i d e r e d  i s  t h e  
smal l  a i r c r a f t  o p e r a t i n g  a t  100 k n o t s  o r  less, For t h i s  
c l a r ~ s  o f  a i r c r a f t ,  we f e e l  t h e  rc ( lu i remcnts  are  minimal,  
i , e , ,  t h a t  t h e  set must meet t h e  b a s i c  r equ i rements  f o r  IFR 
u s i n g  a l r e a d y  e x i s t i n g  methods and procndures .  F u r t h e r ,  
t h e  set must o p e r a t e  o f f  a x i s t i n q  p o w r  suppl  ics, would havc 
a l i m i t e d  set  of manual ly  e n t e r e d  waypoints ,  and wnnlr l  n o t  
be i n t e r c o n n e c t e d  w i t h  o t h e r  onboaxrd s e n s o r s ;  and t h e  
r e c e i v e r  p r o c e s s o r  would d r i v e  a c o u r s e  d c v i a t i o r l  i n d i c a t o r  
s i m i l a r  t o  t h a t  used  w i t h  VOR. 
The nex t  c a t e g o r y  o f  genera ,  a v i n t  ion  we considereri  is  
more complex i n  t h a t  i t  would o p e r a t e  up to 200 kno t s ;  have 
about  a  thousand waypoin t s  c a l l e d  up by f requency  o r  chan- 
n e l  number; have i n t e r f a c e s  which run from s imple  coursp  
d e v i a t i o n  i n d i c a t o r s  t o  f u l l  f l i q h t  d i r c c t o r  sys tems;  and 
would l i k e l y  have a n  encoding a l t i m e t e r  a s  a n  a v a i l a b l e  
d e v i c e ,  which was inc luded  a s  a p o s s i b i l i t y  of a n  ext f ! rna l  
sensor .  
The a i r l i n e  i s  much more com)~lcx  and p r i m a r i l y  d e a l s  
wi th  waypoints ,  waypoint  e n t r i e s  and methods, d u a l i t y  o f  
system f o r  r edundanc ies ,  types o f  d i s p l a y s ,  and a l s o  i n t e r -  
connected s e n s o r s ,  
We a r e  n o t  r e a l l y  c o n c e n t r a t i n s  on t h e  a i r l i n e .  Ve 
are c o n c e n t r a t i n g  on  t h e  below-100-knot and above-100-knot 
g e n e r a l  a v i a t i o n .  
To summarize what w e  t h i n k  i s  t h e  set  o f  r equ i rements  
w i t h  t h e  g e n e r a l  a v i a t i o n  c l a s s  from below 100 t o  above 100, 
w e  a r e  l o o k i n g  a t  c o n t r o l  d i s p l a y s  o f  t h e  type  t h a t  I have 
d e s c r i b e d ;  and w e  are  l o o k i n g  a t  t h e  accuracy  r e q u i r e d  
d u r i n g  t h e  s t a n d a r d  t y p e s  of approaches  and,  a l s o ,  i n  t h e  
case of high-velocity aircraft, at the 4-minute tyne of 
situation. 
There is a primary direction that people are followinq 
about Geometric Dilution of Precision (GDOP) . That primary 
direction is to pick one or more low-elevation-angle satel- 
liter for best performance. 
This creates a sensitivity to loring those batellitos 
in turns. The usual solution to this ir to compensate for 
that loss by more costly architccture, more channels, or 
external aids. 
There is an alternate direction. That is to trade 
some performance in level fliqht for turn improvement, that 
is, select sntellitea above a maximum bank angle, particu- 
larly for the lass-than-100-knot aircraft, and minimize the 
lass nf siqnals and, therefore, the need for aids or more 
costly architccturc. 
In order to evaluate that concept, we did some analy- 
sis. What we used was a dyl.amic approach profile over 180 
degrees as illustrated in Figure 5-1. The speed we choae 
is at the top end of the civil aircr-ft that we are looking 
at, and it is 0.5 G turn with a bank angle of 27 deqrees, 
We have evaluated an architecture very similar to the 
2-set architecture and a sequence of 1.2 seconds per satel- 
lite. We used the criterion of ionospheric error or tropo- 
spheric error and signal strength at the present level of 
-163 dBW. 
Also, we used the imp1 icatic:t that an L-band-type 
emission would be around to give you some kind of AJ of 
about the specification that the 2-set has. 
The resrxlts of this simulation indicate that as you 
start shadowing, particularly when you start shadowing two 
satellites, you do in fact create a loss in performance. 
However, when satellites from the Phase 3 constella- 
tion were selected with the criterion af being above 25 
degrees, the simulation indicates that the accuracy is 
somewhat worse during the average but does not in fact 
have the larger error growth characteristics of turns. 
Summary o f  t h e  r u n s  t o  d a t e  i n d i c a t e s  t h a t  f o r  t \a  
case o t  good GDOP w i t h  s h a d i n r ,  t h e  accuracy  o b t a i n a ~  .: 
from a set  u a i n g  t h e  C/A, L-1 s i g n a l  o n l y  i s  between 
11 m e t e r s  and 32 meters when s t r a i g h t  and l eve l ,  w h i l e  
d u r i n g  a t u r n  it g o e s  t o  abou t  490 meters RMS. 
For t h e  c a s e  o f  no shad ing ,  t h a t  i n a c c u r a c y  l e v e l s  
o u t  somewhat t o  a p o i n t  where from 45 meters t o  60 meters 
is t h e  performance th roughou t  t h e  f l i g h t .  
A t  t h i s  p o i n t ,  I would l i k e  t o  i n d i c a t e  why t h i s  might  
b e  n v e r y  v i a b l e  p a r t i a l  so lu tLon t o  your  proble,n. The 
Phase  3 c o n s t e l l a t i o n  w i l l  have s u f f i c i e n t  r e d u n ~ a n c y  t o  
where i f  you can  a c c e p t  reduced accuracy  o r  i n c r e a s e d  GDOP, 
t h e  lowes t  e l e v a t i o n  a n g l e  s a t e l l i t e  t h a t  you w i l l  zver see 
anywhere i n  t h e  wor ld  a t  a n y  t i m e  i s  abou t  97 p e r c e n t  prob- 
a b l e  o f  b e i n g  above 1 5  d e g r e e s ,  and t h e  second lowes t  satel- 
l i t e  t h a t  you w i l l  ever see anywhere i n  t h e  world a t  any  
t i m e  i s  a b o u t  9 9  p e r c e n t  p r o b a b l e  o f  b e i n g  above 25 d e g r e e s ,  
so some advan tage  o f  t h e  redundancy i n  t h e  system can  b e  
t a k e n  advantage  o f .  
That  d o c s  n o t  imply,  however, t h a t  f o r  t h e  h i g h e s t  
speed  a i r c r a f t  and h i g h e r  t u r n  r a t e s ,  augmenta t ion  is  n o t  
t h e  answer; b u t  f o r  a 100-knot v e h i c l e  which would p robab ly  
u s e  a s i n g l e - c h a n n e l  r e c e i v e r  w i t h o u t  any augmenta t ion ,  it 
a p p e a r s  t o  be t h e  r i g h t  one. 
I would now l i k e  t o  a d d r e s s  t h e  Z-set which is  a 
s i n g l e - c h a n n e l ,  sequencing r e c e i v e r  d e s i g ~ c d  t o  o p e r a t e  
w i t h  o n l y  t h e  C/A, L-1 s i q n a l s .  The c o n f i g u r a t i o n  c o n s i s t s  
b a s i c a l l y  o f  a r e c e i v e r  p r o c e s s o r  u n i t  and a c o n t r o l  d i s p l a y  
u n i t  b u t  h a s  been b u i l t  f o r  v a r i o u s  i n s t a l l a t i o n s ,  i n c l u d i n q  
t h e  , o s s i b i l i t y  o f  growing i n t o  and r e p l a c i n g  a TACAN o r  
118 t y p e  and a l s o  i n t o  t h e  Navy and shipboard i n s t a l l a t i o n s  
where t h e  r e c e i v e r  p r o c e s s o r  assembly d i s p l a y  u n i t  i s  
i n s t a l l e d  i n  a Navy ?hock-proof hous ing.  
It c o n s i s t s  o f  abou t  11 modules b u i l t  o u t  o f  1976  t e c h -  
nology.  The c o n t r o l  d i s p l a y  i s  v e r y  c l o s e  t o  t h e  HF-type 
d i s p l a y  and   ha^ one  l i n e  o f  d i s p l a y  keyboard e.l try capa- 
b i l i t y  f o r  d a t a  e n t r y  and/or  r e q u e s t s  f o r  d i s p l a y  and func-  
t i o n s  t o  pe r fo rm and  a l e r t  t h e  o p e r a t o r  a s  t o  what t h e  
s i t u a t i o n  i s  w i t h  t h e  X-set i t s e l f .  
Its system p a r t i t i o n i n g  i s  t h a t  t h e  r e c e i v e r  and 
antenna aystem and t h e  processor  srubsyst~m i n t e r a c t  
d i r e c t l y  d t h  t h e  sof tware  modules i nd i ca t ed .  The set i s  
automat ic  i n  t h a t  t h e  o p e r a t o r  does n o t  have t o  s e l e c t  
what sa te l l i t es  he wants. That i s  a u t o m a t i c a l l y  done. 
H e  does n o t  have t o  do  anyth ing  a t  a l l  involv inq  t h e  s a t e l -  
l i t e  sequence. H e  j u s t  i n d i c a t e s  some i n i t i a l i z a t i o n  d a t e ,  
i nc lud ing  rough t iming ,  and t h e  s e t  t a k e s  over  from t h e r e .  
The 1976 technology base t h a t  was used f o r  t h e  2-set 
des ign  l e d  t o  t h e  11 modules i n d i c a t e d ,  i nc lud ing  t h e  
i n t e r f a c e  module, which p r e s e n t l y  connec ts  d i r e c t l y  t o  t h e  
AIMS al t imeter--which i s  t h e  m i l i t a r y  equ iva l en t  of t h e  
d i g i t a l  encoder altimeter f o r  t h e  c i v i l  a p p l i c a t i o n .  
Th i s  technology base  l e d  t o  t h e  11-card desiqn.  The 
c o s t  apport ionment o f  t h e  2-set, which i s  shown i n  Figure 
5-2, h a s  he ld  f o r  about 2 years .  
What 1s shown i n  t h i s  f i g u r e  i s  a comparison s tudy  
and summary of  t h e  percen tage  changes. Seen here  i s  t h e  
i n d i c a t i o n  o f  t h e  r educ t ion  i n  p rocessor  c o s t s ,  even with  
t h e  same p roces so r  elements being pos tu l a t ed  which occurred 
over  an 18-month pe r iod ;  and t h e  r e c e i v e r  i n c r e a s e  wasn ' t  
r e a l l y  a c o s t  i n c r e a s e .  it i s  a percentage inc rease  i n  
a s s o c i a t i o n  w i t h  t h e  r educ t ion  i n  t h e  processor .  
I n  a d d i t i o n  t o  o u r  a c t i v i t y  r epo r t ed  t o  t h e  j o i n t  pro- 
gram o f f i c e  on t h e  des ign  of t h e  2-set, t h e r e  have a l s o  
been some o t h e r  s t u d i e s  a s soc i a t ed  wi th  t h e  1976 technology 
and 1977 p r i c e s  i n  q u a n t i t i e s  of  one thousand. 
The i n d i c a t i o n s  are t h a t  t h e  2-set can s e l l  f o r  l e s s  
t han  $4,000 t o  g e n e r a l  a v i a t i o n  and l e s s  than  $13,000 t o  
a i r  c a r r i e r s .  
Where w e  a r e  i n  t h e  conc lus ions  and p r o j e c t i o n s  phase 
of  t h e  c i v i ?  low-cost u s e r  des ign  i s  t h a t  we f e e l  t h a t  t h e  
simple a r c h i t e c t u r e  i s  sufficient t o  meet t h e  requirements  
f o r  t h e  g e n e r a l  a v i a t i o n ,  below-100-knot o r  at-100-knot 
v e h i c l e  b u t  t h a t  a simple augmentation of t h a t  wi th  t h e  
t u r n  rate i n d i c a t o r  o r  a barometr ic  a l t i m e t e r  would so lve  
t h e  problems i n  t u r n s  and be t h e  way t o  go. 
Fur ther ,  t h e  1.2-second oequence f o r  sa te l l i tes  can 
go down o r  up, a s  t h e  caae  may be, t o  a  longer  sequence 
such a s  3.6 o r  4.8,  p a r t i c u l a r l y  a t  t h e  lower v e l o c i t y  
where t h e  performance d a t a  i n d i c a t e d  270 knots  would be 
about  comparable. 
The p r o j e c t i o n  o f  t h e  1976 technology MSI and LSI, 
p a r t i c u l a r l y  t h e  m i l i t a r y  des ign ,  i s  wi th in  t h e  reach ,  w e  
f e e l ,  of  t h e  r equ i r ed  c o s t  o f  1984; and t h e r e  would be a  
s u b s t a n t i a l  r educ t ion  i n  p r i c e  a s  a  r e s u l t  o f  g e t t i n g  away 
from t h e  m i l  spec package and m i l  spec  p a r t s  requirements .  
The technology base of  c i v i l  dea igns  i n  1982 t o  1984 
w i l l  reduce t h e  c o s t  t o  t h e  u se r  a s  i n d i c a t e d  by a  number 
of o t h e r  people.  The computer components, which i n  t h e  
p r e s e n t a t i o n  I have j u s t  given i s  e q u i v a l e n t  t o  a  p r e s e n t  
e i g h t - b i t  microprocessor ,  would come down s u b s t a n t i a l l y  i n  
c o s t ,  and t h e  percen tages  would decrease .  
Also, t h o s e  a p p l i c a t i o n s  could f i n d  themselves i n t o  
t h a t  t ime frame us ing  thc;se dev ices  f o r  r e c e i v e r  process-  
ing t a s k s  themselves.  I t  i s  i n  t h e  r e c e i v e r ,  p a r t i c u l a r l y  
t he  RF and I F  a r e a s ,  t h a t  we f e e l  t h a t  some customizing i s  
r equ i r ed  and ought t o  be contemplated. 
COMMENT ( M r .  Sawicki)  - Again, i f  I have 100-foot  
i n c r e m s t e p s ,  t h a t  means I have t h e  dead band o f  
1 0 0  feet. i: d o n ' t  know what t o  do, s o  t h a t  more o r  less 
says  t h e  a i r p l a n e  can  s i t  a t  100-foot increments.  
ANSWER - That wouldn' t  happen i n  terms of  t h e  ou tpu t .  
What w m h a p p e n  i s  t h a t  t h e  ou tpu t  would be cont inuous 
o r  cont inuous on t h e  b a s i s  of  an update r a t e .  
DYNAMIC APPROACH PROFILE 
SPEED = 500 KMH a 270 KTS 
LATERAL ACCELERATION = 1/26 
BANK ANGLE = 27' 
SINGLE CHANNEL SEQUENCING SET 
(1.2 SECS PER SATELLITE) 
Figure 5-1 
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W h ~ t  I would l i k e  t~ do i s  t o  j u s t  b r i e f l y  review t h e  
s t a t u s  o f  o u r  a i r c r a f t  an tenna  p r e d i c t i o n  program a t  Langley. 
I would l i k e  t o  s t a r t  by rev iewing  t h e  program o b j e c -  
t i v e ,  t h e  problsm a r e a ,  and t h e  approach a s  shown i n  Figure  
6-1. 
We want t o  p r o v i d e  t h e  t echno logy  needed f o r  antenna  
d e s i g n s ,  which would i n c l u d e  s u i t a b l e  an tenna  l o c a t i o n s ,  t h a t  
w i l l  meet t h e  r e q u i r e m e n t s  f o r  t h e  1 9 8 0 ' s  n a v i g a t i o n  and c o w  
munica t ions  sys tems.  A p p l i c a t i o n s  would be made on b o t h  conl- 
merc in l  and  g e n e r a l  a v l  a t i o n  a i r c r a f t  and i n c l u d e  such systems 
as t h e  Microwave Landing System (MLS), t h e  emergency l o c a t o r  
t r a n s m i t t e r  (ELT) , and t h e  GPS system. 
The d a t a  t h a t  X w i l l  p r e s e n t  w i l l  be p r i m a r i l y  concerned 
w i t h  t h e  NLS; however,  t h e  approach c a n  be used on t h e  GPS 
problem. 
The problem a r e a  i s  t h a t  rcost c u r r e n t  a i x c r a f t  an tenna  
d e s i g n s  a r e  de te rmined  e x p e r i m e n t a l l y ,  u t i l i z i n g  s e c t i o n s  o r  
scale models o f  a i r c r a f t ,  which i s  e x t r e m e l y  t ine-consuming 
and expensive .  
N e w  a n t e n n a  sys tems  w i l l  make t h i s  problcr,  even more 
s e v e r e  s i n c e  t h e y  a r e  r e q u i r i n g  more p r e c i s e  a i r b o r n e  antenna 
coverage  and performance  on a wide r a n g e  o f  conmerc ia l  and 
g e n e r a l  a v i a t i o n  a i r c r a f t .  
Our approach  t o  t h e  problem h a s  been t o  deve lop  a n a l y t i -  
ca l  t e c h n i q u e s  and computer programs f: r an tenna  s i t i n g  and 
performance p r e d i c t i o n .  W e  a r e  u t i l i z i n g  scale-model  a i r c r a f t  
t o  o b t a i n  e x p e r i m e n t a l  d a t a  f o r  v e r i f i c a t i o n  o f  o u r  a n a l y t i c a l  
r e s u l t s .  
A t  t h i s  t i n e ,  I would l i k e  t o  p r e s e n t  some examples,  f o r  
b o t h  commercial and  g e n e r a l  a v i a t i o n  a i r c r a f t ,  which demon- 
s t r a t e  t h e  c a p a b i l i t i e s  o f  t h e  p a t t e r n  p r e d i c t i o n  program, 
I n  o u r  program, once  t h e  a i r c r a f t  t y p e  and t h e  antenna  
l o c a t i o n  have been s e l e c t e d ,  computer motlels o f  each  o f  t h e  
t h r e e  v iews o f  t h e  a i r c r a f t  a r e  deve loped ,  and t h i s  i n f o r n ~ a -  
t i o n  i s  used  i n  Q u r  computer program f o r  p r e d i c t i n g  t h e  
an tenna  performance  on t h e  a i r c r a f t ,  F i g u r e  6-2 shows t h e  
computer -senera ted  models f o r  t h e  Boeins  737 w i t h  t h e  an tenna  
l o c i t e d  a t  s t a t i o n  2 2 0  on t h e  t o p  forwa;d f u s e l a g e .  The 
a p p l i c a t i o n  i s  f o r  t h e  Microwave   an ding System. Program 
- - 
a r e a s  need ing  improvements a r e  shaded.  
The wings were s i m u l a t e d  by f l a t  p l a t e s  a n d  t h e  v e r t i c a l  
s t a b i l i z e r  by a  b e n t  p l a t e .  The f u s e l a g e  c r o s s - s e c t i o n s ,  i n  
t h e  r o l l  and e l e v a t i o n  p l a n e s ,  a r e  s i m u l a t e d  by  u s i n g  com- 
p o s i t e  e l l i p s e s .  
Once w e  have  developed t h e s e  computer models ,  w e  c a n  
proceed t o  do t h e  an tenna  p a t t e r n  c a l c u l a t i o n s .  F i g u r e  6-3 
shows a comparison between t h e  c a l c u l a t e d  and measured p r i n -  
c i p a l  p l a n e  p a t t e r n s  o b t a i n e d  f o r  t h e  model d e s c r i b e d  i n  
F i g u r e  6-2. A l l  t h r e e  p a t t e r n s  show very good agreement  was 
o b t a i n e d  between t h e  c a l c u l a t i o n s  and t h e  scale-model  
measurements. 
What w e  would l i k e  t o  know i s ,  What i s  t h e  complete 
v o l u m e t r i c  coverage  around t h e  a i r c r a f t ?  Our computer pro- 
gram h a s  t h e  c a p a b i l i t y  o f  do ing  t h e  comple te  v o l u m e t r i c  p l o t  
which r e q u i r e s  t h e  c a l c u l a t i o n  o f  91 p a t t e r n s  s u c h  a s  t h o s e  
shown i n  F i g u r e  6-3. 
F i g u r e  6-4 shows t h e  c a l c u l a t e d  and measured vo lumet r i c  
p l o t s  f o r  t h e  Boeing 737. The ta ,  o r  t h e  e l e v a t i o n  a n g l e ,  i s  
p l o t t e d  v e r t i c a l l y .  P h i ,  o r  t h e  azimuth a n g l e ,  i s  p l o t t e d  
h o r i z o n t a l l y .  The nose  o f  t h e  a i r c r a f t  i s  l o c a t e d  a t  Theta  
e q u a l s  9 0  d e g r e e s  and P h i  e q u a l s  0 degrees .  Also  shown 
p l o t t e d  i n  F i g u r e  6-4 a r e  t h e  an tenna  g a i n  v a l u e s .  
Very good agreement  was o b t a i n e d  between t h e  c a l c u l a t e d  
a n d  measured v o l u m e t r i c  p l o t s  a s  shown i n  F i g u r e  6-4. 
Although v e r y  good agreement was o b t a i n e d  between t h e  c a l -  
c u l a t i o n s  and t h e  scale-model measurements,  t h e r e  s t i l l  may 
b e  some q u e s t i o n s  a s  t o  how w e l l  w e  a r e  a c t u a l l y  p r e d i c t i n g  
t h e  coverage  on t h e  f u l l - s c a l e  a i r c r a f t .  So, i n  o r d e r  t o  
answer t h e s e  q u e s t i o n s ,  w e  conducted a  f l i g h t  t es t  u s i n g  t h e  
a i r b o r n e  MLS a n t e n n a s  and  t h e  FAA MLS f a c i l i t y  a t  NAFEC 
( N a t i o n a l  A v i a t i o n  F a c i l i t i e s  Exper imenta l  C e n t e r )  t o  d e t e r -  
mine t h e  performance o f  t h e  a c t u a l  a i r b o r n e  a n t e m a s  on t h e  
NASA 737 a i r c r a f t .  
The a n t e n n a  t h a t  I w i l l  be  p r e s e n t i n g  d a t a  f o r  w i l l  be 
t h e  C-band monopole (ahown i n  F i q u r e  6-5) on t h e  t o p  f u s e -  
l a g e ,  a t  s t a t i o n  239. 
We f l e w  a  number o f  d i f f e r e n t  f l i g h t  p r o f i l e s  i n t o  t h e  
NAFEC f a c i l i t y ,  and  o n e  o f  t h e s e  i s  shown i n  F i g u r e  6-6. 
Also shown i n  F i g u r e  6-6 i s  a  p l o t  o f  t h e  e r r o r s  between t h e  
p r e d i c t e d  and measured s i g n a l  s t r e n g t h s  a s  a  f u n c t i o n  of  t h e  
a i r c r a f t  i o o k  a n g l e s .  The e l e v a t i o n  a n g l e  i s  p l o t t e d  ver t i -  
c a l l y ,  and t h e  az imuth  a n g l e  i s  p l o t t e d  h o r i z o n t a l l y  w i t h  t h e  
v a r i o u s  symbols r e p r e s e n t i n g  d i f f e r e n t  e r r o r  r a n g e s .  The two 
c u r v e s  r e p r e s e n t  t h e  d a t a  o b t a i n e d  f o r  t h e  e l e v a t i o n  ( E l l )  
and az imuth  s c a n n i n g  beam a n t e n n a s  f o r  t h e  f l i g h t  p r o f i l e  
shown. I n  t h e  c a l c u l a t i o n s ,  c o r r e c t i o n s  were made f o r  v a r i -  
a t i o n s  due t o  changes  i n  ground an tenna  g a i n  a s  a  f u n c t i o n  
of  s c a n  a n g l e  and  a l s o  f o r  a i r c r a f t  p o s i t i o n .  Cons ide r ing  
thc  complex i ty  o f  t h e  problem, t h e  agreement  a s  shown i n  
F i g u r e  6-6 i s  q u i t e  good. 
To d e m o n s t r a t e  t h c  c a p a b i l i t y  o f  t h e  proqram t o  do c a l -  
c u l a t i o n s  f o r  o k h e r  t y p e s  o f  a n t e n n a s ,  something r e p r e s e n t a -  
t i v e  o f  t h e  t y p e  t h a t  might  b e  used f o r  a  GPS a p p l i c a t i o n ,  
Ohio S t a t e  was asked  t o  do c a l c u l a t i o n s  f o r  t h e  Lindberg  
c r o s s e d - s l o t  a n t e n n a  t h a t  was des igned  a t  YIT.  The antenna  
was d e s i g n e d  f o r  a s a t e l l i t e - t o - a i r c r a f t  a p p l i c a t i o n  on a  
KC-135, and t h e  a n t e n n a  l o c a t i o n  i s  shown i n  F i q u r e  6-7. 
F i g u r e  6-8 shows t h e  computer-qenerated model f o r  t h e  KC-135. 
F i g u r e  6-9 shows t h e  c a l c u l a t e d  and measured r e s u l t s  o b t a i n e d  
f o r  t h e  p r i n c i p a l  p l a n e  p a t t e r n s .  The v e r t i c a l l y  p o l a r i z e d  
components a r e  shown i n  F i g u r e s  6 - 9 ( a ) ,  6 - 9 ( c ) ,  and 6 - 9 ( e ) ,  
and t h e  h o r i z o n t a l l y  p o l s r i z e d  components a r e  shown i n  Fig- 
u r e s  6-9 (b )  , 6-9 ( d )  , and 6-9 ( f )  . 
It was p o i n t e d  o u t  e a r l i e r  a t  t h e  c o n f e r e n c e  t h a t  i t ' s  
ex t remely  d i f f i c u l t  t o  o b t a i n  good c i r c u l a r  p o l a r i z a t i o n  f o r  
Theta  v a l u e s  a p p r o a c h i n g  9 0  d e g r e e s .  The h o r i z o n t a l l y  p o l a r -  
i z e d  component- reduces  d r a s t i c a l l y  when Theta  approaches  
90 d e g r e e s ,  a n d  t h i s  i s  why t h e  p a t t e r n s  o f  a  CP a n t e n n a  
e s s e n t i a l l y  d e g e n e r a t e  t o  t h o s e  o f  a  l i n e a r l y  p o l a r i z e d  
an tenna  i n  t h a t  r e g i o n .  
F i g u r e  6-10 shows a  volumetric p l o t  f o r  t h e  Lindberg 
RHCP c r o s s e d - s l o t  on  t h e  KC-135. Th ia  p r e s e n t a t i o n  was 
g e n e r a t e d  u s i n g  a  series o f  pens o f  d i f f e r e n t  c o l o r s .  For  
t h i s  a p p l i c a t i o n ,  comple te  coverage  above t h e  a i r c r a f t  from 
The ta  e q u a l s  0  t o  The ta  e q u a l s  90 d e g r e e s ,  f o r  a l l  Phi  va luea ,  
is  d e s i r e d .  A 8  shown i n  F igure  6-10, t h e r e  a r e  s e v e r a l  ho lee  
i n  t h e  coverage  f o r  v a l u e r  o f  Theta  l e e s  t h a n  90 d e g r e e s ,  
which i a  u n d e s i r a b l e .  
There  i s  some b lockage  due t o  t h e  v e r t i c a l  s t a t i l i z e r  
which w i l l  a l s o  be a major problem f o r  t h e  G P B .  
I n  a d d i t i o n  t o  t h e  commercial a i r c r a f t  work, we have 
c o n s t r u c t e d  a  numl.cr o f  s c a l e  n ~ o d e l s  off g e n e r a l  a v i a t i o n  
a i r c r a f t ,  and. I have shown a  li; c o f  t h o s e  i n  F i g u r e  6-11. 
These a r e  t y p i c a l  o f  t h e  d i f f e r e n t  t y p e s  o f  a i r c r a f t  t h a t  
conrprise t h e  g e n e r a l  a v i a t i o n  f lee t .  
F i g u r e  6-12 shows a computer-ger,eraterl moclel o f  t h e  
Cessna 402B, an6 t h e  shaded a r e a s  on t h e  t h r e e  v iews i n d l -  
cute t h o s e  a r e a s  t h a t  need t o  be  added i n t o  our  computer 
program. The e n g i n e s ,  f u e l  t a n k s ,  main l a n d i n q  g e a r ,  and 
h o r i z o n t a l  s t a b i l i z e r  need t o  be added t o  a l l o w  u s  t o  do  a 
better conlputat ion o f  t h e  c o m ~ d e t e  volunletric covcsrage. 
T h i s  i s  v e r y  i m p o r t a n t  f o r  t h e  MLS sys tem where cover-  
a g e  down t o  30 d e g r e e s  below t h e  h o r i z o n  ?'s d e s i r e d  s i n c e  
a n y t h i n g  below t h e  h o r i z o n  would have a v e r y  d e f i n i t e  effect 
on  t h e  v o l u m e t r i c  coverage .  
For  t h e  GPS a p p l i c a t i o n ,  It a p p e a r s  one? of t h e  most 
s e v e r e  problem a r e a s  w i l l  he t h e  v e r t i c a l  s t a b i l i z e r  s i n c e  
comple te  upper  h e m i s p h e r i c a l  coverage  i s  needed,  
F i q u r e  6-13 shows t h e  c a l c u l a t e d  and nleaqured e l e v a t i o n  
p l a n e  p a t t e r n s  f o r  two p o s s i b l e  MLS a n t e n n a  l a c a t i c m s  on t h e  
Cessna 402. Very good agreement  was o t t a i n e d  f o r  t h c  e l e v a -  
t i o n  p l a n e  p a t t e r n s  f o r  t h e  t o p  f u s e l a g e  anternla : ~ c a t i o n .  
For  t h e  l o c a t i o n  on t h e  f o r w a r l  n o s e ,  forward of t h e  
c o c k p i t  a r e a ,  v e r y  good agreement  was o b t a i n e d  exct-pt i n  t h e  
r e g i o n  towards  t h e  t a i l ,  an? t h e  reason f o r  t h i s  i~ t h a t  w e  
d i d  n o t  model t h e  c o c k p i t  a r e a  i n  t h e  c a X c u l a t i c n s ,  TLere- 
fore, w e  a r e  a p p e a r i n g  t o  ge t  more t a d i a t i c r ~  i.1 that r c y i c n ,  
which i s  a c t u a l l y  n o t  p r e s e n t ,  as can be reen from t h e  sca le -  
model da ta .  
F igure  6-14 shows another  example o f  t h e  computer model- 
ing o f  a g e n e r a l  a v i a t i o n  a i r c r a f t ,  a Gates Lea r j e t .  The 
t h ree  views o f  t h e  a i r c r a f t  are shown with  t h e  computer- 
genera t sd  models f ~ r  t h o s e  views. Figure 6-15 shows t h e  c a l -  
c u l a t e d  and measured p r i n c i p a l  p lane  p a t t e r n s  ob ta ined  f o r  a 
monopole on ,he t o p  forward fuselage.  
One o f  t h e  a r ea8  I would l i k e  t o  p o i n t  o u t  where we d i d  
not  o b t a i n  good agreement between t h e  measured and c a l c u l a t e d  
r e s u l t s  i n  i n  t h e  t a l l  region.  
Tho reason f o r  t h i s  i s  t h e  way t h e  engines  were modeled 
us ing  a  f l a t  p l a t e  a t t a c h e d  a t  90  degrees  t o  t h e  fu se l age  
and ex tending  up f a r t h e r  than  t h e  a c t u a l  engine would along 
the  fu se l age .  
Therefore ,  w e  are appearing t o  g e t  more blockage than w e  
would a c t u a l l y  have, i f  w e  had modeled t h e  engine c o r r e c t l y .  
Figure  6-16 l i s t s  some o f  t h e  program accomplishments. 
We have a  computer program a v a i l a b l e  f o r  p r e d i c t i n g  t h e  volu- 
me t r i c  p a t t e r n s  o f  fuselage-mounted an tennas  on l a r g e  a i r c r a f t ,  
and w e  have had q u i t e  a b i t  of  i n t e r e s t  i n  t h i s  program. We 
have r ece ived  r e q u e s t s  f o r  t h e  program from t h o s e  companies 
listed i n  F igu re  6-16, and cop ie s  have been suppl ied  t o  them. 
We have conducted a  computer s tudy  of  MLS antennas  on 
commercial a i r c r a f t .  Th is  was completed f o r  t h e  a i r c r a f t  
shown i n  Figure  6-16, and a r e p o r t  i s  a v a i l a b l e  con ta in ing  
t h a t  informat ion.  A f l i g h t  test was conducted which gave us  
f u l l - s c a l e  a i r c r a f t  antenna d a t a  t o  compare w i t h  ou r  s ca l e -  
model and computer-generated da ta .  
Figure  6-17 shows ou r  c u r r e n t  a c t i v i t y .  We a r e  c u r r e n t l y  
working t o  improve o u r  computer program c a p a b i l i t y  f o r  handling 
more complex a i r c r a f t .  We a r e  developing a  computer program 
f o r  ana lyz ing  t h e  low-frequency ELT antenna on ganera l  av ia -  
t i o n  a i r c r a f t .  We are conducting exper imental  s t u d i e s  of MLS 
and ELT antenna l o c a t i o n s  on scale-model gene ra l  a v i a t i o n  air- 
c r a f t ,  and w e  a r e  a l s o  conducting a cornputcrized s tudy  of  MLS 
antenna l o c a t i o n s  on gene ra l  a v i a t i o n  a i r c r a f t .  
In t h e  GPS a rea ,  we have jur t  s t a r t e d  looking a t  some 
possible  antenna designs during t h e  l a s t  few monthr. We are  
working t o  develop a  r u i t a b l e  antenna derign f o r  providing 
acceptable upper hemirpherical coverage, Once an acceptable 
antenna design i r  developed, expsrimental da ta  w i l l  be 
obtained on a rcalc-model generhl av ia t ion  a i r c r a f t  and then 
compared w i t h  c a l cu l a t i ons ,  
After  our ana ly t i c a l  c apab i l i t y  has been ve r i f i ed ,  we 
plan t o  uae t h e  program t o  do a computerized r t u d y  of t h o  
GPS antenna on many d i f f e r e n t  types of general avia t ion  
a i r c r a f t .  
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We can say  some problems a r e  winners and some problems 
are l o s e r s .  The problems you g e t  a s o l u t i c ~ n  t o  a r e  winners, 
and they  are n i c e  t o  work on. 
Some problems are very d i f f i c u l t ,  and I s t a y  away from 
them. Conceptually,  des ign ing  a low-cost r e c e i v e r  today is 
a winner, wh i l e  b u i l d i n g  a low-cost r e c e i v e r  today i s  a l o s e r  
because it i s  n o t  5 y e a r s  from now. Maybe it doesn ' t  have t o  
be t h a t  low-cost today; bu t  a l l  I can do is t r y  t o  come up 
w i t h  a c o n f i g u r a t i o n  t h a t  maybe I can b u i l d  tomorrow, and it 
i s  a l i t t l e  less expensive than  what i s  being b u i l t  today, 
wi thout  having it a l l  i n  LSI. Then i f  w e  p u t  it i n  LSI, maybe 
it w i l l  be cheaper t han  t h a t  o r i g i n a l  complex block diagram. 
Maybe. I d o n ' t  know, bu t  t h i s  i s  t h e  only  way I can approach 
t h e  problem. 
What I would l i k e  t o  come up w i t h  is  a des ign  f o r  a low- 
c o s t  GPS r e c e i v e r  t h a t  has some f l e x i b i l i t y  i n  it, so  i f  we 
have some good i d e a s  f o r  s imp l i fy ing  the  t h i n g ,  w e  can work 
on those  t oday  and see where it is  going. 
The o b j e c t i v e s  o f  our  s tudy  are t o  i n v e s t i g a t e  t h e  design 
of  a low-cost r e c e i v e r  f o r  gene ra l  a v i a t i o n  u s e r s  which meets 
a l l  IFR requirements  f o r  2 D  RNAV; t o  e v a l u a t e  t h e  p o t e n t i a l  
p o s i t i o n i n g  c a p a b i l i k y  of t h e  r e c e i v e r  design;  and t o  de f ine  
experiments f o r  v a l i d a t i n g  t h e  performance c h a r a c t e r i s t i c s  of 
t h e  r e c e i v e r  design,  dur ing  Phases I and 11. So, i f  w e  a r e  
going t o  des ign  exper iments ,  w e  a r e  t a l k i n g  about  some 
equipment. 
Figure  7-1 shows what are understood t o  be t h e  naviga- 
t i o n  accuracy requirements .  The main t h i n g  t o  n o t i c e  is, a s  
shown i n  t h e  l a s t  column o f  t h i s  f i g u r e ,  w e  are t a l k i n g  about 
a couple  o f  thousand f e e t  as t h e  end accuracy. Not? maybe w e  
can do b e t t e r ,  b u t  w e  a r e n ' t  t a l k i n g  about 10 meters. Maybe 
you can do 10  meters, bu t  w e  a r e n ' t  t a l k i n g  about  t h a t  r i g h t  
now. 
The assumptions t h a t  have been made so  they  can work an 
t h e  problem are: Operate w i t h  an L1  C/A s i g n a l  only;  minimum 
rece ived  power a v a i l a b l e  is  1 6 0  dBW; t h e  dynamic environment 
f o r  t h e  t y p i c a l  u se r  i s  low (200 knot  speed and .5G acce le ra -  
t i o n ) ;  t h e r e  i s  no i n t e n t i o n a l  jamming; and u n i n t e n t i o n a l  RFI 
may be presen t .  
Our approach i s  t o  design a low-cost r e c e i v e r  based on 
today ' s  technology and using a minimum of  s p e c i a l i z e d  LSI; 
des ign  a r e c e i v e r  o f  minimum c i r c u i t  complexity; and minimize 
t h e  u se  of c r i t i c a l  components. This  l a s t  i t e m  i s  thought t o  
be r e a l l y  important ,  A r e f e rence  o s c i l l a t o r  today  c o s t s  $600. 
Maybe t h a t  same o s c i l l a t o r  i n  q u a n t i t y  i n  5 y e a r s  i s  going t o  
c o s t  less. I ' m  s u r e  it w i l l .  I ' m  s u r e  it c o s t s  l e s s  today 
i n  q u a n t i t y ,  b u t  wouldn' t  it be n i ce  i f  we  d i d n ' t  nced a l o m 9  
o s c i l l a t o r ?  That  i s  something t o  t h i n k  about. 
Other approaches a r e  t o  emphasize microprocessor  tech- 
nology a s  opposed t o  specia l -purpose LSI--which seems t o  make 
a l o t  of s e n s e  a t  t h i s  po in t  i n  t h e  game j u s t  because o f  t h e  
f l e x i b i l i t y  involved and t h e  way t h e  microprocessor  technology 
is going,  
Consider s p e c i a l  a n a l o g / d i g i t a l  c h i p  f a b r i c a t i o n  where 
app rop r i a t e ,  and cons ider  t h e  t r adeo f f  between analog and 
d i g i t a l  c i r c u i t r y .  W e  a l l  l i k e  it. I l i k e  it, but  t h e r e  a r e  
many t h i n g s  t h a t  a r e  made a l o t  more cheaply i n  analog form. 
You have t o ,  i f  you a r e  us ing analog components, have a c i r -  
c u i t  t h a t  can t o l e r a t e  v a r i a t i o n s  a s s o c i a t e d  w i t h  t h a t  analog 
component, s o  w e  w i l l  see what happens the re .  
Figure 7-2 shows a low-cost GPS r e c e i v e r  con f igu ra t ion .  
Bas i ca l ly ,  w e  a r e  t a l k i n g  about a s i n g l e  sequencing t r a c k i n g  
channel .  Th i s  i s  sequenced a t  200 mi l l i s econds  p e r  s a t e l l i t e ,  
so  it i s  sequencing much more r a p i d l y  than most of t he  r e c e i v e r s  
t h a t  have been b u i l t  i n  t h e  p a s t .  
The reason f o r  t h i s  i s  because t h a t  means a much less 
c r i t i c a l  o r  much less accu ra t e  master o s c i l l a t o r  can be used. 
I f  you look i n t o  t h a t  it t u r n s  o u t  t h a t  t h i s  r e c e i v e r  i s  
compatible w i t h  a l o - )  o s c i l l a t o r .  I f  you have a slower 
sequencing t i m e ,  t h e  master  o s c i l l a t o r  accuracy has t o  go up, 
so t h a t  i s  one of  t h e  main p o i n t s  about t h i s  sequencing 
r e c e i v e r .  
Now we a l s o  cons ider  t r a c k i n g  more than four  s a t e l l j - t e s ,  
l i k e  f i v e  o r  s i x  s a t e l l i t e s  because o f  t h e  banking problem, 
and w e  can do t h a t  i n  1 o r  1.2 seconds, depend.ing on how many 
s a t e l l i t e s  \Y: are tracking. Separate da ta  channels a r e  shown 
i n  Figure 7-2. 
Our idea f o r  minimizing c i r c u i t  complexity is f i r s t  of 
a l l  t o  have a s i n g l e  conversion down converter  with one . 
phase-locked m u l t i p l i e r .  We s t r i p  the  code d i r e c t l y  a t  70 
megaHertz; and t h e  t racking  channel i s  a nancoherent t r acker ,  
which uses a s i n g l e  co r re la to r .  Now t h i s  i s  both i n  the  data  
and i n  t h e  t r a c k i n g  channel. Most r ,?ceivers have one corre- 
l a t o r  f o r  t r ack ing  and another f o r  s i g n a l  processing and da ta  
s t r i p p i n g ,  and what I am doing i s  using one. c o r r e l a t o r  f o r  
doing t h e  Tau-dether, p lus  t ak ing  data.  I s a c r i f i c e  s igna l  
s t r eng th  and throw away one c o r r e l a t o r .  
Our o t h e r  i d e a s  t o  minimize c i r c u i t  complexity include 
s i n g l e  c o r r e l a t o r  t r ack ing  and da ta  c o l l e c t i o n ;  one sequenc- 
ing,  noncoherent t r ack ing  channel; one da ta  channel; and da ta  
detecticn and some tracking funct ions  performed ky t h e  
microprocessor. 
What I have t r i e d  t g  do t o  minimize c r i t i c a l  components 
i s  baseband c o r r e l a t i o n  f i l t e r i n g ;  10'7 master o s c i l l a t o r ;  
use o f  a microprocessor r a t h e r  than LSI wherever possible;  
t r a d e  o f f  analog-versus-digi ta l  c i r c u i t  implementations; and 
one VCO per channel--which i s  used i n  a l o t  of  rece ivers .  
The rece ive r  has  continuous phase tracking. You use the  fre- 
quency reference  from the  c a r r i e r  t racking  loop divided down 
and then  have a continuously operat ing d i g i t a l  phase s h i f t e r .  
The rece ive r  t h a t  is described i n  our f i n a l  r epor t  i s  
designed t o  be a b l e  t o  t o l e r a t e  a f a i r l y  cheap analog VCO. 
That doesn ' t  mean t h a t  i s  t h e  way you do it. With any luck 
a t  a l l ,  you go t o  a d i g i t a l  VCO, which we bui ld  a l l  t h e  time; 
but  t h i s  t h i n g  i s  designed t o  be able  t o  handle a much l e s s  
expensive VCO. 
The microprocessor rece iver  funct ions t h a t  we a r e  count- 
ing on now a r e  j u s t  t h e  very slow ones--noncoherent and Costas 
baseband de tec to r s ,  t racking  loop f i l t e r s ,  and a l l  t h e  data  
de tec t ion  technology. 
Figure 7-3 g ives  a b i t  of an idea of how the  rece iver  
i s  configured. 
I guess we learned  some lessons  i n  t h e  e a r l y  GPS rece iver  
development work about microprocessor throughput. That i s  why 
t h i s  one i s  only  handling low-speed funct ions  a t  t h e  moment. 
Shown i n  Figure 7-4 a r e  some of our  rece iver  accuracy 
est imates .  These a r e  j u s t  the  pseudoranging accuracies .  
Br ie f ly ,  we ass ign  50-foot, A -sigma e r r o r  due t o  ' r e c e i v e r  
t racking  e r r o r ;  quan t i za t ion  e r r o r ,  15 f e e t ;  and clock 
d r i f t ,  40 f e e t  f o r  a 200 mill isecond d.wel l  i n t e r v a l .  The 
composite accuracy t h a t  we es t imate  is about 1 0 0  f e e t  RSS 
due t o  t h e  rece iver .  
Some of  t h e  studir a r e a s  t h a t  we a r e  continuing t o  look 
a t  a r e  ana log /d ig i t a l  c i r c u i t  implementations; what funct ions 
should go i n  t h e  microprocessor; a hybrid baseband c o r r e l a t o r  
ch ip ,  inc luding  t h e  AID conversion funct ion;  single-channel 
versus  two-channel implementation; and t h e  antenna design. 
QUESTION ( D r .  John M e  Pa in te r ,  TF-hd]  - Is someone devel- 
oping the hybrid baseband c o r r e l a t o r  ch ip?  
ANSWER - Our company i s  h o k i n g  a t  t h e  p o s s i b i l i t y  of 
-developing it. 
QUESTION ( D r .  P a i n t e r )  - Do you have t h a t  kind of capa- 
b i 1 i t y t t - h - e r e ?  
ANSWER - Not in-house. We may have t h e  consul tan ts .  
W e  a r ' m i n g  a t  what funct ion should be i n  it, but we 
wouldn ' t develop it ourselves.  
QUESTION ( D r .  Anil Joglekar ,  MITRE) - Do you assume t h a t  
you w l l l  have an encoding a l t i m e t e r  t o  be in te r faced?  
ANSWER - It i s  not  in te r faced .  What w e  assume is  t h a t  we  
on ly  h a v e 0  give t h e  2 D  pos i t ion .  I f  t h e  operator  is  i n  an 
a i r p l a n e  and he needs a l t i t u d e ,  he g e t s  t h a t  himself. We 
don ' t  use it. 
QUESTION ( D r .  Joglekar)  - For your so lu t ion?  
ANSWER - We don ' t  use t h e  a l t ime te r .  We don ' t  output 
a l t i t w u t  we don1 t use the  a l t i m e t e r .  
QUESTION ( D r .  J o g l e k a r )  - Your design assumes no in t en -  
t i o n a l  jamming. There might be o t h e r  RFI a t  t h a t  band. 
ANSWER - That1 s r i g h t .  
QUESTION ( D r .  J o g l e k a r )  - And then t h e  whole design 
would n o t  work. 
ANSWER - I t  depends e n t i r e l y  upon t h e  l e v e l s  of t h e  WI: 
~ h a t ' G b s o l u t e 1 ~  r i g h t .  I f  you don ' t  have enough s i g n a l ,  I 
c a n ' t  do it. Tha t ' s  t r u e .  
QUESTION ( M r .  James Van Cleave American E l e c t r o n i c s  
~ a b o r a t d r i e s )  - You went from a  l o - $  t o  a  10-7 o s c i l l a t o r ,  
which i s  a  hundred t o  one,  and you r a t i o n a l i z e  t h i s  on t h e  
b a s i s  o f  going from 1 second t o  200 mi l l i seconds .  
ANSWER - I didn ' t. In  my des ign ,  I d id  n o t  start with  
t h e  1 C c i c i l l a t .  I d id  t h e  design t o  t h e  A l l  I 
am s a y i n g  i s  , .hat  I b e l i e v e  t h e  o t h e r  r e c e i v e r s  use  about a 
10-9 o s c i l l a t o r .  I d o n ' t  have anyth ing  t o  do wi th  t h a t  
o s c i l l a t o r .  
QUESTION ( M r .  Edward F. P r o z e l l e r ,  ~ p p l i e d  phys ics  
Laboratory Div is ion ,  Johns Hopkins Un ive r s i t y )  - I n  your 
e r r o r  budget ,  you d id  n o t  i nc lude  an e r r o r  t e r m  f o r  t h e  
presence o f  t h e  C/A s i g n a l s  from s a t e l l i t e s  o t h e r  than t h e  
one you a r e  t r y i n g  t o  t r a c k .  It appears  t o  m e  t h a t  could 
be a  l a r g e  term. 
ANSWER - You're t e l l i n g  me!  I a m  p r e s e n t l y  very,  very 
c o n c e r n e d b o u t  t h i s  problem. Of course ,  s i n c e  I r an  t h e  
o r i g i n a l  s i g n a l  des ign  study,  I have been concerned about t h a t  
problem f o r  many yea r s .  I don ' t  f e e l  t h a t  problem has  been 
looked a t  i n  enough depth.  
Now, i f  you look a t  it, i n  most ca ses ,  I d o n ' t  t h i n k  it 
i s  a  problem, b u t  t h e r e  a r e  some cases  where I suspec t  t h a t  
it may ve ry  w e l l  be; and I am p r e s e n t l y  w r i t i n g  up a  t a s k  
d e s c r i p t i o n  t r y i n g  t o  g e t  an e f f o r t  s t a r t e d  t o  look a t  t h i s  
problem. i t h i n k  it i s  a  r e a l l y  good p o i n t ,  and you ' re  r i g h t .  
It is n o t  up t h e r e .  W e  haven ' t  done t h e  problem s u f f i c i e n t l y .  
I don' t t h i n k  anyone has.  
QUEST ION ( M r .  Lawrznce Kennedy, Canadian Transpor t  ) - Did 
you mention whether a s t e e r a b l e  a r r a y  antenna was used f o r  
t h i s  type o f  r e c e i v e r ?  
ANSWER - W e  are th ink ing  about va r ious  antennas.  I don ' t  
need a s t e e r a b l e  a r r a y .  
QUESTION ( M r .  Kennedy) - I t  i s  not  r equ i r ed  i n  t h i s  case?  
ANSWER - Not f o r  t h e s e  s a t e l l i t e s .  
QUESTION ( M r .  Kennedy) - Is t h e r e  a s e p a r a t e  code f o r  
each of t h e  s a t e l l i t e s ?  
ANSWER - Each s a t e l l i t e  has a d i f f e r e n t  code, but t h e r e  
m i g h t b e a s o n s  f o r  us ing a s t e e r e d  a r ray .  One of  them 
might be t h e  m u l t i p l e  acces s  problem. 
QUESTION ( M r .  j s seph Koy~le,  Trawspsrtatiorl Systems 
Center )  - What about  t h e  problems of  mul t ipa th  i n  your design? 
Have you considered t h a t ,  and how w i l l  it work i n  t h e  presen t  
mul t ipa th?  
ANSWER - I d o n ' t  know what t o  say. The mul t ipa th  problem 
i s  p re sen t  f o r  everyone; and we can e s t ima te  how it is. Every- 
one i s  t r y i n g  t o  t a k e  d a t a  t o  f i nd  o u t  e x a c t l y  what it is. 
That i s  being taken  i n t o  account i n  the  s imu la t ions  and so 
f o r t h .  
We know t h e  mu l t i pa th  problem. For a given amount of 
mul t ipa th ,  we  know how much e r r o r  it causes.  Exactly how much 
we are seeing.  People a r e  t ak ing  d a t a  a l l  t h e  t i m e ,  and they 
a r e  t r y i n g  t o  e s t i m a t e  what those  e r r o r s  w i l l  be. That doesn ' t  
e n t e r  i n t o  t h e  r e c e i v e r  des ign  because t h e  r e c e i v e r  c a n ' t  do 
much about it. 
It does  e n t e r  i n t o  t h e  antenna design,  but  I c a n ' t  t e l l  
you r i g h t  now how much o f  a problem t h i s  i s  going t o  be, under 
what condi t ions .  W e  don ' t  have enough da t a ,  o r  I c e r t a i n l y  
don ' t ;  bu t  t h a t  i s  c e r t a i n l y  a problem t h a t  i s  being looked 
a t  f o r  everyone. 
QUESTION ( M r .  Kennedy) - There a r e  some who be l i eve  t h e  
large-ndwidth product  o f  t h e  s i g n a l  i s  such t h a t  mult i-  
pa th  is  n o t  a problem. 
ANEWR - It su re  helps ,  On t h e  P s i g n a l ,  it helps 
e s p e c i a l l y b e a u s e  t h e  time/bandwidth product i s  q u i t e  
la rge ;  and so fo r  pa th  d i f f e r e n t i a l s  g r e a t e r  than 1 5 0  f e e t ,  
it i s  no problem. 
I n  most r e c e i v e r s ,  you d o n l t  see  any multipath.  
That i s  ane of t h e  ob jec t ives  of t h e  P s i g n a l  design. 
The C/A s igna l  design r e j e c t s  pa th  d i f f e r e n t i a l s  t h a t  a r e  
grea ter  than about 1,500 fee t .  It doesn ' t  have nearly t h e  
mult ipath r e j e c t i o n  t h a t  t h e  P s i g n a l  does, so  it can be 
more of a problem. But yes, t h e  product c e r t a i n l y  helps. 
The l a r g e r ,  t h e  b e t t e r .  The C/A s igna l  i s n l  t t e r r i b l y  la rge .  
It is  s u r e  b e t t e r  than a s i d e  tone ranging s igna l .  
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Some of  t h e  t o p i c s  I would l i k e  t o  cover a r e  t h e  need 
f o r  GPS i n  gene ra l  a v i a t i o n ,  a l i t t l e  b i t  about design phi- 
losopbv, and some des ign  approaches. I w i l l  suggest  some 
goals ;  we w i l l  s ee  t h e  $2,00O/set goal  which everybody is  
s t r i v i n g  f o r ;  and then  we w i l l  show a l i t t l e  b i t  of our  sup- 
po r t i ng  exper ience t h a t  we have done something l i k e  t h a t  i n  
a less complex system. I w i l l  t r y  t o  draw a few conclusions .  
The need f o r  b e t t e r  nav iga t ion  i s  apparent  i n  t h e  FAA 
f o r e c a s t  ( a s  r epo r t ed  i n  t h e  Los Angeles T imes  on March 5 ,  
1978) f o r  t h e  a r ea  around southern C a l i f o r n i a  which shows 
t h a t  t h e  number of commercial passenger depa r tu re s  i s  going 
t o  about  double between now and 1990, and t h e  number of  gen- 
e r a l  a v i a t i o n  l and ings  and touchdowns i s  going t o  do about 
t he  same th ing .  Also, k t  i s  known t h a t  t h e  a i r s p a c e  dens i ty  
of a i r c r a f t  is. expanding very  r ap id ly ;  and a s  time goes on, 
the  p r i v a t e  p i l o t  i s  going t o  need t o  know h i s  p o s i t i o n  and 
f l i g h t  pa th  w i th  more and more p rec i s ion .  I contend t h a t  
t ime-corre la ted p o s i t i o n  t ends  t o  minimize c o l l i s i o n  problems 
and h e l p  him along. 
L e t ' s  d i s c u s s  des ign  philosophy. Figure 8-1 shows some 
of t h e  design approaches t o  a low-cost GPS rece iver /processor .  
The f i r s t  o b j e c t i v e  i s  t o  minimize t h e  func t ions  and t h e  
amount of hardware--motherhood. That w i l l  reduce t h e  com- 
p l e x i t y  and d r i v e  down t h e  c o s t .  We a r e  looking a t  a s ing l e -  
code t r a c k e r ,  C/A. I t  could p o s s i b l y  be n P code, i f  you 
can f i g u r e  o u t  some e f f e c t i v e  way of i n i t i a l i z i n g  it. 
W e  a r e  t a l k i n g  about  p u t t i n g  some of  t h e  complexity on 
the  ground. I n  t h e  m i l i t a r y  set,  w e  i n i t i a l i z e d  through an 
X se t ,  which i s  a l s o  c a r r i e d  a long  wi th  t he  mother a i r c r a f t .  
We a r e  a l s o  t a l k i n g  about  t h i n g s  l i k e  p o s s i b l e  monitor s t a -  
t i o n s  on t h e  ground which might i n i t i a l i z e  you f o r  takeoff  
o r  g i v e  you some upda te  informat ion.  You a r e  expected t o  
g e t  b e t t e r  accuracy than  C/A, and t h i s  may be a way t o  do 
t h a t .  
I n  Figure  8-1, w e  a r e  t a l k i n g  about a s ingle-channel  
mult iplexed r e c e i v e r ;  e l i m i n a t i n g  o r  reducing av ion ic  i n t e r -  
faces ;  and use  of present-day technology. Of course ,  w e  
want t o  s i m p l i f y  t h e  antenna couple r  i n t o  one u n i t .  Maybe 
we  can do t h i s  by imposing more modest requirements ,  pos- 
s i b l y  f i v e  o r  s o  times less a c c u r a t e  than  t h e  u l t ima te .  
W e  can a l s o  do t h i s  by backing o f f  on t h e  v e h i c l e  dynamics, 
l i m i t i n g  t h e  nav iga t ion  accuracy,  and r e l a x i n g  some o f  t h e  
requirements  t h a t  a r e  more important  i n  t h e  m i l i t a r y  a rea :  
a c q u i s i t i o n  t ime and i-ecovery t i m e .  
Of course ,  mere motherhood would be  t o  promote stand- 
a r d i z a t i o n  and compet i t ion.  The goa l  IS t o  provide s i g n i f i -  
c a n t  improvement t o  many u s e r s  r a t h e r  t han  t o  g ive  t h e  
u l t ima te  performance t o  j u s t  a few. 
I n  o u r  des ign  approach, Figure  8-2 g i v e s  a number of 
accuracy c o n s i d e r a t i o n s .  I f  you look a t  TACAN, a s  we know 
it, something i n  t h e  o rde r  of h a l f  a m i l e  and bea r ing  
around 3 deg rees  is  ach ievable ;  w e  can provide .6 of a m i l e  
p o s i t i o n  e r r o r  a t  10 m i l e s .  
You c a n ' t  g e t  a i r speed  u n l e s s  you develop it wi th  some 
s o r t  o f  an  a i d ,  i n e r t i a l  o r  o therwise ,  i n  which case  you g e t  
2 percen t  i n  GPS; and he re ,  f o r  t h e  sake of argument, w e  
have p u t  i n  t h e  P code. 
The 10.23 megahertz chipping r a t e ,  100 f e e t  pe r  ch ip ,  
could g i v e  you - 0 1  of  a n a u t i c a l  m i l e  worldwide; bu t  you are 
t r a d i n g  .3 of  a f o o t  p e r  second v e l o c i t y .  T h i s  would a f f o r d  
you some f u e l  saving.  
F igure  8-3 i l l u s ' l r a t e s  t h e  same s o r t  of t h i n g ,  s impl i -  
f i c a t i o n .  The block diagram a t  t h e  l e f t  i s  a t y p i c a l  four-  
channel  set today; and i f  you go t o  a s ing le -channe l  set, 
you e l i m i n a t e  t h e  f i r s t  t h r e e  b locks  on t h e  r i g h t  and go 
t o  e i t h e r  P code o r  a C/A code t r a c k e r ,  b u t  n o t  both. 
S impl i fy ing  f u r t h e r ,  we want t o  do t h i n g s  l i k e  e l i m i -  
n a t i n g  t h e  Cos tas  loop  o r  phase-lock loop  and perhaps  use 
an AFC carrier loop. The t r a d e o f f  here  i s  an accuracy of 
3 t o  5 f e e t  p e r  second ve r sus  an i n c r e a s e  i n  complexity.  
Another t r a d e o f f  i s  t o l e r a n c e  t o  s i g n a l  dynamics ve r sus  
c y c l e  s l i p s .  
Another t echnique  i s  t o  e l i m i n a t e  t h e  r a t e  a i d i n g  f o r  
h igh dynamics and use  t h e  wide-bandwidth t r a c k i n g .  Here t h e  
t r adeo f f  i s  c o s t  ve r sus  i nc reased  n o i s e  s e n s i t i v i t y  and 
decreased vehicle dynamics capability. A reduction from two 
antenna configurations into one single antenna, polarized or 
some combination that will give you the characteristic, is 
another simplification area being studied. In trying to 
tackle the oscillator problem, if you can get away with some- 
thing cheaper than an ovenized clock, that would certainly 
work in your favor. 
Some other aspects of t h ~  design are the stand-alone 
receiver, w!-lich is similar to commercial receivers, in con- 
trast to an integrated receiver that is tied into other sys- 
tems. The problems here concern such thinqs like antenna 
shadowing, transmitter interference. You don't want the GPS 
antenna to look directly at some other antennas on the vehi- 
cle. The integrated receiver would provide a more complete 
aid to navigation, but at increased cost. You trade off this 
with a feasibility study. There are other problems because 
of the need to standardize. 
A civil GPS possibly could use a P code instead of a 
C/A code. The problems would be complexity (although this 
would ~ o t  be so bad if you could use only one L channel) and 
in initialization. 
Figure 8-4 contains a diagram of the replaceable module 
sets of the basic GPS receiver-processor. This is not too 
different from the other sets (shown in Figure 8-3) that we 
are pursuing in low-cost receivers. 
Figure 8-5 gives a brief sketch of how we would derive 
and utilize the airspeed, heading, and VOR information and 
in a GPS-aided navigation system. 
The most controversial   art of our design approach is 
the need for independent FAA/NASA monitoring, if you feel 
that general aviation needs some real-time availability 
data. Possibly FAA has a comfortable feeling of leaving 
it all to the Air Force, not knowing what is happening in 
the satellites. Rut, I think there is probably a need for 
some monitor stations, not so much to duplicate the job the 
Air Force is doing, but to be able to react in real time 
and give some advisory information as to what can be done 
in the event certain satellites become unavailable. So we 
see that the FAA may want to install a network of monitor 
r e c e i v e r s  a t  v a r i o u s  a i r p o r t s  and c e n t e r s  and provide weather, 
hazard warnings, and s o  f o r t h ,  a long wi th  some i n i t i a l i z a t i o n  
informat ion which could  be handled through t h e  s u r f a c e  channels.  
Our suggested g o a l s  a r e  set f o r t h  i n  F igu re  8-6. Included 
is t h e  popular c o s t  o f  $2,000. Of cou r se ,  w e  are blue-skying 
here .  I f  t h e  u n i t s  were of t h e  s i z e  shown, t hey  might be d i s -  
s i p a t i n g  80 w a t t s ,  o r  even l e s s .  GPS would g i v e  you 60-meter 
p o s i t i o n  worldwide and day o f  week, hour,  minute,  and second. 
I ' m  n o t  q u i t e  s u r e  what t h e  p i l o t  would do w i t h  .2 of  a micro- 
second time, b u t  it w i l l  be t h e r e  i f  needed. 
There i s  suppor t ive  d a t a  (which was shown a t  t h e  confer-  
ence and cen te red  around t h e  TDL 711 LORAN expe r i ence )  t o  
show t h a t  t h e r e  i s  some s u b s t a n t i a t i o n  f o r  t h e  f a c t  t h a t  w e  
can d r i v e  c o s t  down and come up wi th  equipment t h a t  genera l  
a v i a t i o n  w i l l  be a b l e  t o  a f f o r d  and u t i l i z e .  
So i n  conc lus ion ,  I b e l i e v e  everybody a g r e e s  t h a t  GPS i s  
coming, and w e  b e l i e v e  t h e r e  Is a d e f i n i t e  p l a c e  for GPS i n  
gene ra l  a v i a t i o n .  W e  t h ink  t h a t  s u i t a b l e  des igns  a r e  achiev- 
a b l e ,  and w e  would l i k e  t o  u rge  c i v i l  a v i a t i o n  t o  cont inue  
t o  monitor DOD programs and FAA and NASA t o  con t inue  t h e i r  
pl-anning t o  p repa re  f o r  t h e  GPS. 
QUESTION ( M r .  Joseph Gutwein, T ranspor t a t i on  Systems 
Cente r )  - Do you eve r  s e e  t h e  GPS r e c e i v e r  c o s t s  d ipp ing  
below t h e  c o s t  o f  t h e  LORAN-C r e c e i v e r ?  
ANSWER - I d o n ' t  s e e  it, n o t  r i g h t  now. It depends on 
what t ime pe r iod  you are t a l k i n g  about ,  b u t  I d o n ' t  see it 
r i g h t  now. 
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D r .  P h i l i p  Noe 
Texas A&M Un ive r s i t y  
A s  was po in ted  o u t ,  a  GPS t r u l y  i s  a very complex sys- 
t e m  if you cons ide r  it a c r o s s  i t s  broad a s p e c t s  of  t h e  space 
v e h i c l e s  and t h e  launching  systems t h a t  a r e  involved and t h e  
r e c e i v e r s  a s  w e l l .  You might say  it i s  about a s  complex a s  
any system o f  t h i s  t y p e  t h a t  I have e v e r  been involved i n ,  
being a d i g i t a l  sys tem type  p r imar i ly .  
I f i r s t  g o t  a f e e l i n g  about  t h i s  a r e a  and decided t h a t  
I r e a l l y  wanted t o  look  i n t o  it more and see i f  I could g e t  
a l i t t l e  b i t  b e t t e r  unders tanding o f  t h e  communications sys-  
tems t h a t  were involved here .  So I picked up R. C. Dixon's 
book on Spread Spectrum Systems and I read  it through once; 
and I s a i d ,  " W e l l ,  I s t i l l  d o n ' t  know anyth ing  about it." 
A s  a concer ted  e f f o r t  t h e r e a f t e r  from t h a t  t ime on, i n  
1975 I made it an e f f o r t  t o  l e a r n  more about it; and my 
-. f r i e n d ,  Fir. -xnomas Rhyne, s a i d ,  "You know, GPS r e a l l y  is  a 
complicated system. I t  i s  a lmost  i n  some ways a s  complicated 
a s  it was f o r  t h e  Egypt ians  t o  b u i l d  t h e  pyramids." H e  s a i d ,  
"No, no, it i s  more l i k e  t h e  U.S. problem when w e  pu t  a man 
on t h e  moon"; and t h e n  he s a i d ,  "No, no, it i s  r e a l l y  l i k e  
t h e  Egyptians t r y i n g  t o  p u t  a man on t h e  moon." 
You know, sometimes it i s  l i k e ,  aga in  l i k e  D r .  F ranc is  
N a t a l i  s a i d ,  maybe w e  should ask  them t o  g i v e  us  a s impler  
problem; and sometimes t h e  answer may n o t  be t o  b u i l d  a b e t t e r  
mousetrap, b u t  t o  f i n d  an easy  r a t .  
Enough o f  t h e  i n t r o d u c t i o n .  I brought two o f  my team- 
mates w i th  m e  s o  i f  I c a n ' t  answer your q u e s t i o n s ,  perhaps 
they can.  W e  a r e  from t h e  D i g i t a l  Systems Laboratory and 
Telecommunications Cont ro l  Laboratory a t  Texas A&M Un4.versity. 
The TAMU GPS program has  been an i n t e r d i s c i p l i n a r y  team 
involv ing  D r .  John P a i n t e r ,  D r .  Tom Rhyne, and m e ,  who b r ing  
toge the r  d i v e r s e  s p e c i a l t i e s  i n  terms o f  t h e  v a r i o u s  t h i n g s  
t h a t  a r e  necessary  t o  s o l v e  t h e  GPS program. 
S ince  we have g o t t e n  i n t o  GPS, w e  have had some support  
from a NASA g r a n t  from t h e  T,angley Research Center  and some 
A i r  Force g r a n t s  from t h e  A i r  Force Of f i ce  o f  S c i e n t i f i c  
Research (AFOSR); and w e  have been involved wi th  t h e  Space 
S h u t t l e  GPS pane l  and v a r i o u s  p r i v a t e  o p e r a t i o n s  w i th  indus- 
t r y .  Our t o t a l  e f f o r t  goes hand i n  glove wi th  what w e  a r e  
t r y i n g  t o  accompl ish  h e r e ,  namely, it i s  t r u l y  a low-cost 
GPS e f f o r t ,  much i n  t h e  way t h a t  o u r  fund ing  h a s  been a  
low-cost  GPS e f f o r t .  
The approach t o  low-cost  GPS a t  TAMU h a s  inc luded  t h e  
r e c o g n i t i o n  o f  t h e  fact  t h a t  low cost i s  t h e  c o n t r o l l i n g  
f a c t o r  f o r  w i d e m r e a d  GPS use .  I n  o r d e r  t o  make GPS wide ly  
a v a i l a b l e  a c r . ~ s s  t h e  wor ld ,  it h a s  been p o i n t e d  o u t ,  a s  was 
a d d r e s s e d  by M r .  Buige i n  h i s  i n t r o d u c t i o n ,  t h a t  w e  r e a l l y  
would l i k e  t o  have  a $2,000 GPS r e c e i v e r  a v a i l a b l e  t o  t h e  
g e n e r a l  p u b l i c  t o  make it c o m p e t i t i v e  w i t h  o t h e r  n a v i g a t i o n  
systems.  
I have  been a  v i s i o n a r y  from t h a t  a s p e c t .  When I f i r s t  
g o t  on board  t h i s  problem, I saw it a s  a  hand-held c a l c u l a t o r  
t y p e  r e c e i v e r  t h a t  I c o u l d  c a r r y  around f o r  $500. I f  you 
s t o p  and  t h i n k  a b o u t  it, i f  you a r e  go ing  t o  b u i l d  one and 
p u t  it o n  t h e  marke t  £0, $2,000, t h a t  i s  what you a r e  go ing  
t o  have t o  b u i l d  it f o r ,  r i g h t  a round $5002 because  there 
i s  a  hundred p e r c e n t  markup t o  t h e  middleman, and a g a i n  from 
t h e r e  t o  t h e  a c t u a l  i n s t a l l a t i o n .  Consequently,  t h a t  i s  a  
p r e t t y  s i z a b l e  c h o r e  and a g o a l  t o  t r y  t o  meet. 
W e  have  v a r i o u s  f a c t o r s  t h a t  w e  a r e  c o n s i d e r i n g ,  much 
as many o f  t h e  o t h e r  d e s i g n e r s  have  c o n s i d e r e d  who g o t  i n t o  
GPS. The S t a n f o r d  [STI] i d e a  do'ss p r e t t y  much p a r a l l e l  a  
l o t  o f  t h e  t h i n g s  t h a t  w e  have done o v e r  t h e  l a s t  3 y e a r s .  
You have a  c o s t - v e r s u s - p o s i t i o n  e r r o r  t r a d e o f f ,  cos t -ve r sus -  
f i x  r a t e  t r a d e o f f s ,  e t  c e t e r a ,  e t  c e t e r a ;  and t h e  main t h i n g  
t h a t  w e  have t r ied t o  look  a t  t o  c u t  down c o s t s ,  some f a c t o r s  
t h a t  would b e  i n v o l v e d ,  would be  no  r e q u i r e d  c o u p l i n g  t o  
o t h e r  n a v i g a t i o n  sys tems,  w i t h  a  p o s s i b l e  add-on f e a t u r e  of 
c o u p l i n g  f o r  a  VHF, UHF, o r  beacon t r a n r p o n d e r  system f o r  u s e  
i n  c o l l i s i o n  avoidance .  
The keys  t h a t  w e  fee l  a r e  n e c e s s a r y  f o r  low-cost  GPS 
i inplementat icn a r e  rni9,imum n a v i g a t i o n a l  a c c u r a c y  requ i rements ;  
minimum complex i ty  p o s i t i o n i n g  and n a v i g a t i o n  a l g o r i t h m s ,  
which i s  one  o f  t h e  major  a r e a s  t h a t  I have been invo lved  i n ;  
a n a l o g  a n d  d i g i t a l  p a r t i t i o n i n g  o f  t h e  r e c e i v e r  p r o c e s s o r  i n  
o r d e r  t o  come up  w i t h  t h e  b e s t  p o s s i b l e  c o s t  c o n f i g u r a t i o n  
f o r  t h e  f r o n t  end;  mic roprocessor  a r c h i t e c t u r e  f o r  n a v i g a t i o n  
and r e c e i v e r  c o n t r o l ;  c a r e f u l  o r g a n i z a t i o n  o f  t h i s  p o r t i o n  o f  
your  r e c e i v e r  s o  t h a t  you can  make maximum u s e  of  t h e  power 
of  mul t ip rocessors  o r  s i n g l e  micro computer a r c h i t e c t u r e  con- 
f i g u r a t i o n s ;  and l a s t ,  bu t  n o t  l e a s t ,  t h e  minimizat ion of 
specia l -purpose d i g i t a l  hardware. 
A s  a consequence o f  t h e  importance of t h e ~ e  keys t o  a 
low-cost implementation, minimcm complexity s a t e l l i t e  s e l e c .  
t i o n  a lgor i thms  have been s tud ied  i n  d e t a i l .  Th is  i s  a major 
p a r t  o f  t he  problem a s  Ear a s  what t a k e s  up your computation 
t i m e .  Also e f f i c i e n t ,  a ccu ra t e ,  minimcm mmplex i ty  pos i t i on -  
i n g  and nav iga t ion  a lgo r i t hms  a r e  necessary i n  o rde r  t o  main- 
t a i n  an a c c u r a t e  and e f f i c i e n t  h igh r a t e  of  pos i t i on ing .  
Also,  a d e t a i l e d  s tudy  o f  i n t e g r a t e d  r e c e i v e r  p rocessor  a r ch i -  
t e c t u r e ,  f a s t  PN ranginp  a lgor i thms ,  and improved Cos tas  loop 
techniques  h a s  been made. 
A s  f a r  a s  t h e  minimum complexity s a t e l l i t e  s e l e c t i o n  
a lgor i thms  a r e  concerned, most of  ou r  s t u d i e s  were made with  
a 600-mile-per-hour a i r c r a f  $ s imu la t ion  o f  f l i g h t  from 
C a l i f o r n i a  t o  Hawaii. I g r a n t  you t h a t  t h i s  i s  n o t  a uni- 
formly d i s t r i b u t e d  u s e r ,  b u t  it gave us a good d a t a  base  t o  
use  a s  s imula t ion  f o r  t h e  system. My f i r s t  e f f o r t s  a long 
t h i s  l i n e  were made i n  June of  1975 a t  Wright-Patterson with  
D r .  Thomas Wu and D r .  (Major) Ken Myers a t  t h e  Avionics 
Laboratory. PJe developed a s e t  o f  opt imal  and suboptimal 
GDOP t echniques  f o r  s e l e c t i n g  s a t e l l i t e s .  I n  August of 1975, 
we compared t h e  suboptimal technique a g a i n s t  t h e  s tandard  
GDOP computation t h a t  i s  shown i n  Figure 9-1. These r e s u l t s  
a r e  f o r  a four-channel  r e c e i v e r .  
The major advantage h e r e  i s  what you have t o  do i n  terms 
of computation and a computational  s ense  i n  o rde r  t o  f i n d  t h e  
op t imal  set of  s a t e l l i t e s  f o r  which s e l e c t i o n  i s  made t o  do 
your nav iga t ion  process .  I f  you have N s a t e l l i t e s  i n  view 
and you a r e  going t o  s e l e c t  fou r  s a t e l l i t e s  op t ima l ly ,  you 
have t o  cons ide r  N t h i n g s  taken f o u r  a t  a t ime i n  o r d e r  t o  
look a t  GDOP and make a s e l e c t i o n .  J u s t ,  f o r  example, wi th  
N equa l  t o  10,  t h e r e  a r e  2 1 0  mat r ix  i n v e r s i o n s  you a r e  going t o  
have t o  do t o  o b t a i n  op t imal  GDOP s o l u t i o n s .  The correspond- 
i n g  r e s u l t  w i t h  a c l e a r  channel  r e c e i v e r  i s  a p o s i t i o n  e r r o r  
o f  t h e  u s e r  o f  about 1 2 0  meters.  
In  t h e  suboptimal computation, w e  made a d i scovery  t h a t  
w e  could produce a lmost  a s  good a r e s u l t  by a r b i t r a r i l y  s e l e c t -  
ing ,  i n  a quadra ture  framework, s a t e l l i t e s  t h a t  were i n  t h e  
genera l  d i r e c t i o n  o f  n o r t h ,  e a s t ,  overhead, and then s e l e c t  t h e  
remain ing  f o u r t h  s a t e l l i t e  by computing GDOP on  a l l  t h e  rest 
o f  t h e  s a t e l l i t e s  i n  view, a f t e r  you have s e l e c t e d  t h r e e  i n  
q u a d r a t u r e .  A s  a consequence ,  you o n l y  r e q u i r e  N minus 3 
m a t r i x  i n v e r s i o n s .  Tha t  i s  o n l y  seven  o p e r a t i o n s ,  when N is  
e q u a l  t o  1 0  or  r o u g h l y  a 30-tom1 improvement o f  t h e  computa- 
t i o n a l  e f f i c i e n c y .  
I r e a l i z e  t h i s  g e t s  b o r i n g ,  b u t  it g e t s  i n t o  t h e  k i n d s  
o f  d e t a i l s  o f  t h e  sor t  o f  work w e  have been doing.  T h i s  i s  
what i s  n e c e s s a r y  t o  do e f f i c i e n t  a l g o r i t h m s :  t o  l o o k  a t  
t h i s  k i n d  o f  d e t a i l ,  p i c k  t h e s e  k i n d s  o f  t h i n g s  t o  p i e c e s  and 
see what k i n d s  o f  improvements you c a n  make a s  a r e s u l t  t h e r e o f .  
How d o  you c u t  down t h e  amount o f  computa t ion  t h a t  i s  invo lved?  
How d o  you c u t  down t h e  amount o f  s o f t w a r e  t h a t  i s  invo lved  
t o  s tore t h i s  computa t ion  when it t u r n s  o u t  t h a t  maybe 50 pe r -  
c e n t  (someone earl ier  quo ted  21 p e r c e n t )  o f  your  c o s t  f o r  t h e  
low-cost r e c e i v e r  i s  go ing  t o  b e  i n v o l v e d  w i t h  mic roprocessor  
and m i c r o p r o c e s s o r  memory? So i f  you can  c u t  t h i s  back and 
c u t  it down by  hook o r  c r o o k  o r  whatever  t e c h n i q u e  it t a k e s ,  
then  it i s  a very n e c e s s a r y  p a r t  o f  t h e ,  b u s i n e s s .  
A s  t h e  n e x t  s t e p  i n  n a v i g a t i o n  a l g o r i t h n ~  development,  
i n s t e a d  o f  l o o k i n g  a t  a four-channel  r e c e i v e r ,  w e  looked a t  
what would happen i f  you s t a r t e d  t a k i n g  range  measurements 
s e q u e n t i a l l y  i n  t i m e .  A s  a consequence o f  t a k i n g  t h e s e  range  
measurements s e q u e n t i a l l y  i n  t i m e ,  I dec ided  what i s  t h e  wors t  
c a s e  i n  t h i s  s i t u a t i o n ,  and t h a t  would be  i f  you d i d  no v e l o c i t y  
a i d i n g  t o  t h o s e  r a n g e  measurements a t  a l l .  I f  you took  t h e  
f o u r  measurements,  s e q u e n t i a l l y ,  b u t  assumed t h a t  t h e y  w e r e  
a l l  t a k e n  s i m u l t a n e o u s l y ,  what k ind  o f  f i x  would t h a t  g i v e  
you? That  i s  t h e  w o r s t  c a s e  o f  t h e  e f f e c t  o f  t h e  v e l o c i t y  
on you, and t h a t  i s  what t h e  March 1978 r e s u l t  i n  F igure  9-1 
d o e s  w i t h  a new a l g o r i t h m .  A s  a consequence ,  a q u a d r a t u r e  
a l g o r i t h m  t h a t  r e l a t e s  i n s t e a d  o f  t o  n o r t h ,  e a s t ,  overhead,  
and o p t i m a l  GDOP, t o  on  t r a c k ,  c r o s s - t r a c k ,  overhead ,  and o p t i -  
mal GDOP w i l l  p roduce  b e t t e r  r e s u l t s  i n  a n  unaided v e l o c i t y  
r e l a t i o n s h i p .  
F i g u r e  9-2 shows t h e  a r e a s  w e  have been c o n s i d e r i n g  w i t h  
r e g a r d  t o  minimum cornplexi ty  n a v i g a t i o n  a l g o r i t h m s .  For 
example, t h e  H o t e l l i n g  a l g o r i t h m  t h a t  I developed i n  1975, 
which h a s  r o b u s t  convergence  c h a r a c t e r i s t i c s ,  w i l l  converge 
w i t h  a c c u r a t e  t i m i n g  i f  you a r e  even 6,000 m i l e s  o f f  on your 
estimate o f  where you t h i n k  you a r e .  T h a t ' s  p r e t t y  good. W e  
t h i n k  w e  c a n  accompl i sh  t h e  d e s i r e d  r e s u l t s ,  t h a t  r e a s o n a b l y  
s imple  f i l t e r i n g  w i l l  do t h e  job. W e  w i l l  r e q u i r e  a f l o a t i n g  
p o i n t  p rocessor ,  and w e  have done a cons ide rab le  s tudy  of word 
length-versus-accuracy t r a d e o f f s .  I n  o t h e r  words, what kind 
of word l e n g t h s  do you have t o  have i n  o rde r  t o  come up with  
t h i s  hundred meter accuracy? 
Figure  9-3 shows t h e  r e s u l t s  t h a t  we ob ta ined  a f t e r  we 
1:ad inc luded  v e l o c i t y ,  moving our  range measurements up i n  
t i m e  t o  a common p o i n t  i n  t ime much a s  an old-fashioned human 
naviga tor  does  w i t h  t h e s e  s h o t s ,  moving t h e n  t o  common LOP'S 
(L ines  of P o s i t i o n )  i n  t i m e .  W e  do t h i s  s e q u e n t i a l l y ,  and t h e  
t o p  curve  i n  F igure  9-3 i s  nav iga t ion  without  a f i l t e r .  I t  
shows you t h a t  w i th  up t o  40 meters o f  range e r r o r ,  which I 
f e e l  i s  t h e  dominant e r r o r  f a c t o r  f o r  t h i s  o r d e r  o f  naviga- 
t i o n a l  accuracy,  a l l  t h e  o t h e r s  a r e  lumped i n t o  t h e  system 
a l so .  Consequently, t"e curve does n o t  go t o  zero  when range 
e r r o r  i s  zero.  With t h e  complete o t h e r  system e r r o r s  i n  t h e  
s o l u t i o n ,  w e  a l l ow Sigma R t o  go t o  ze ro ,  t hen  i n c r e a s e  
Sigma R t o  s e e  t h e  e f f e c t  of it. 
It i s  neces sa ry  t c  determine and thus  u se  t h e  e f f e c t  of  
range e r r o r  t o  h e l p  you f i n d  o u t  what your q u a n t i z a t i o n  l e v e l  
should be i n  measuring range wi th in  t h e  r e c e i v e r .  A s  can be 
seen from Figure  9-3, 1 0 0  meters  nav iga t ion  e r r o r  c r o s s e s  t h e  
curve a t  a p o i n t  where Sigma R i s  about 18 meters .  To main- 
t a i n  a 100-meter p o s i t i o n  e r r o r ,  you would be o u t  beyond 
4 0  meters range e r r o r  i f  you have t h e  simple l i n e a r  so-ca l led  
"Alpha-Beta" f i l t e r  t h a t  i s  w e l l  known i n  r a d a r  systems,  o r  
it i s  j u s t  a s imple  l i n e a r  f i l t e r .  
A s  a consequence, we concluded t h a t  we w i l l  be a b l e  t o  
g e t  t h i s  kind of  accuracy and be a b l e  t o  o b t a i n  t h e  100-meter 
c a p a b i l i t y  w i t h  a s ingle-channel  r e c e i v e r  a s  long a s  we do 
IQ ranging d e t e c t i n g ,  t h a t  i s ,  in-phase and quadra tu re  measure- 
ment. I guess  everybody recognized t h a t  f a c t  by now, and 
approximately a s i x t h  of a b i t  P N  q u a n t i z a t i o n  f o r  our  system. 
I n  o t h e r  words, a t  about  s i x t h - b i t  i n t e r v a l s ,  you have 
a 300-meter b i t  l e n g t h  far t h e  c l e a r  acces s  channel  code. 
Divide t h a t  by 6 ,  which g i v e s  you 50 meters  f o r  t h e  Sigma R. 
Then we d i v i d e  t h a t  by t h e  square  r o o t  of 3 t o  g ive  a uniform 
d i s t r i b u t i o n .  Th i s  r e s u l t s  i n  a 100-meter p o s i t i o n  e r r o r  
wi th  s ingle-channel  s e q u e n t i a l  rang ing  system. 
I t h i n k  t h e s e  r e s u l t s  emphasize t h e  f a c t  t h a t  t h e  r ece ive r  
processor  w i l l  be n e c e s s a r i l y  microcomputer-controlled and w i l l  
be capable  o f  a i d i n g  t h e  f r o n t  end and doing t h e  r e a c q u i s i t i o n  
of any s a t e l l i t e  once a c q u i s i t i o n  has  been achieved. Thus, 
i f  you do have a s i n g l e  channel ,  you a r e  going t o  have t o  do 
t h i s  r e a c q u i s i t i d n  and have some a id ing  i n  o rder  t o  mainta in  
a one-second f i x  r a t e ,  which i s  p o s s i b l e  wi th  t h i s  system. 
P a r t  o f  t h e  r e s e a r c h  t h a t  w e  have a l s o  been involved i n  
a s  a r e s u l t  of  D r .  P a i n t e r ' s  work wi th  our.NASA g r a n t  has 
been an improved Cos tas  loop. He has  developed a new type 
of Costas l o o p  t h a t  i s  a t angent  Costas loop t h a t  t r a c k s  on 
t h e  t angen t  e r r o r  func t ion .  The loop i s  switched t o  t angent  
con f igu ra t ion  f o r  t r a c k i n g ,  a f t e r  acqu i r ing  a s  a s i n e  e r r o r  
loop. The loop  p u l l s  i n t o  lock  i n  t h e  s i n e  loop conf igura-  
t i o n  because it has  b e t t e r  c h a r a c t e r i s t i c s  i n  t h a t  configu- 
r a t i o n ,  and it i s  switched i n t o  a t angent  con f igu ra t ion  f o r  
t r a c k i n g  purposes  because t h e  tangent  loop d e f i n i t e l y  does 
hold t h e  l ock  much b e t t e r  than t h e  s i n e  loop does,  pa r t i cu -  
l a r l y  i n  terms t h a t  it does no t  l o s e  lock.  We have demon- 
s t r a t e d  t h a t  a s i n e  loop w i l l  l o s e  t r a c k  i n  those  cond i t i ons ,  
and it has  a h i g h e r  t o l e r a n c e  t o  t r a c k i n g  e r r o r  and inhe ren t  
automatic ga in  c o n t r o l .  I t  a l s o  has t h e  c a p a b i l i t y  of us ing 
d i j i t a l  loop  f i l t e r s  f o r  adapt ive  bandwidth a s  i nd i ca t ed  i n  
Figure  9-4. 
The f i n a l  conc lus ion  t h a t  we have i n  t h i s  a r ea  i s  t h a t  
t h e  key t o  widespread GPS usage i s  low-cost implementation. 
That  i s  an  obvious  fat". 
Today's GPS computations a r e  complex and expensive,  and 
w e  can minimize t h a t  by us ing  on ly  what i s  a b s o l u t e l y  neces- 
s a r y  i n  o r d e r  t o  m e e t  t h e  requirements of  a 100-meter accuracy 
system; and c l e a r l y  n o t  a l l  r e c e i v e r s  need even t h a t  kind of 
complexity. Algorithm s i m p l i f i c a t i o n  w i l l  provide g r e a t e r  
r educ t ion  i n  t h e  c o s t  simply because of t h e  f a c t  t h a t  t h a t  i s  
where a h ighe r  percen tage  of your c o s t  is. A low-cost GPS 
r e c e i v e r  w i l l  c o n t a i n  a microprocessor and t h e  memory asso- 
c i a t e d  wi th  it. 
MINIMUM COMPLEXITY SATELLITE SELECTION ALGORITHMS 
*600 mph 
1 ~at./Sec. 
June 1975 Standard GDOP Computaticm, 4-Channel Receiver 
- ( t )  matrix inversions (210 for n=10) 
- aE = 120 meters, 6-hour simulated flight 
August 1975 Sub-optimal Computation (E/N/OH/GDOP) 
- n - 3 matrix inversions (7 for n=lO) 
- aE = 120 meters 
November 1977 Sub-optimal Computation, lochannel Receiver 
- CJE = 600 meters (No velocity prediction) 
March 1978 Improved Computation (OT/CT/OH/GDOP) 
- OE = 400 meters (NCI velocity prediction) 
- OE should reduce to 100 meters with velocity prediction 
*Velocity prediction only required for.higher speed aircraft (200 mph <V) 
Figure 9-1 
MINIMUE.1 COMPLEXITY POSITIONING/NAVIGATION ALGORITHMS 
600 mph 
1 Sat./Sec. 
o Microprocessor Implementation of Navigation Computations 
- Linearized Navigation Equations 
- Robust Convergence (Hotelling Algorithm - 1975) 
- NO Kalman Filter (Possible Simple Smoothing) 
- Floating Point Processor 
- Word Length Versus 100-Meter Accuracy Trade-off 
o Probable TAb3.J Low-Cost GPS Recommendation 
- 16-bit ~icroprocessor(s) with Hardware Mult./~ivide 
Figure 9-2 
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IMPROVED COSTAS LOOP 
o Option for  Sine or Tangent Tracking Error Function 
o Loop P u l l s  i n t o  lock i n  the Sine Loop Configuration 
o Loop is  Switched to Tangent configuration for Tracking 
- Higher Tolerance to Large Tracking Error (-lo0) 
- Provides Inherent Automatic Gain Control 
o Dig i ta l  Loop F i l t e r s  for Adaptive Bandwidth 
Figure 9-4 
Walter H. R i l ey  
Texas Ins t ruments  
'? 
When Mr. Mike Lockerd (Texas Ins t ruments )  asked me t o  
f i l l  i n  f o r  him today ,  I looked a t  t h e  agenda and r e a l i z e d  
I w a s  going t o  be t h e  nex t  t o  t h e  l a s t  speaker ,  and I f e l t  
t h a t  most o f  t h e  s u b j e c t s  would be covered by t h e  t i m e  T 
g o t  up here .  So I thought  I would t r y  t o  t a k e  a l i t t l e  
d i f f e r e n t  approach and n o t  be t o o  r e p e t i t i v e .  
Texas Ins t ruments  s t a r t e d  w i t h  two c o n t r a c t s  w i th  t h e  
GPS J o i n t  Program O f f i c e  i n  June 1975. One w a s  f o r  a MANPACK 
or slow-moving v e h i c l e  c o n f i g u r a t i o n ,  and t a e  o t h e r  ~fi!as f o r  
a  high dynamic se t  t o  go on high-performance a i r c r a f t .  Fig- 
u re  10-1 shows t h e  MANPACK and High Dynamic User Equipment. 
W e  had designed c o s t  g o a l s  f o r  bo th  of  t h o s e  programs, 
bu t  t h e  d o l l a r s  are q u i t e  a b i t  l a r g e r  than  t h e  $2,000 t h a t  
has been thrown around today. 
A s  p a r t  of  o u r  c o n t r a c t u a l  requirements ,  w e  were t o  look 
a t  a l l  t h e  u se r  c l a s s e s  t h a t  were de f ined  a t  t h a t  t i m e .  Fig- 
u r e  10-2 shows t h e  v a r i o u s  u s e r  c l a s s e s .  I r e a l i z e  t h i s  c h a r t  
i s  o b s o l e t e  now, b u t  t h i s  was p a r t  of o u r  c o n t r a c t  requirement 
back then  wh-re t h e  c l a s s e s  were broken down by p o t e n t i a l  app l i -  
c a t i o n  and by t ~ ~ c t i o n ;  and you w i l l  n o t e  you go Erom high 
accuracy,  h igh dy r , . -~ i c s  t o  h igh  accuracy,  low dynamics and 
f i n a l l y  low c o s t .  
Now, n o t  shown on t h i s  class c h a r t  i s  ano the r  c l a s s  f o r  
a  missile, an ICBM missile tes t  program which was a  c o n t r a c t  
w e  r ece ived  i n  1976. The M missile class shown i n  F igure  
10-2 w a s  f o r  a  t a c t i c a l  missile. Not o n l y  d i d  w e  have design 
t o  c o s t  imposed on us on t h e  c o n t r a c t s ,  b u t  we a l s o  had t o  
look a t  a l l  t h e  c l a s s e s  and t r y  t o  maximize t h e  commonality 
a c r o s s  t h e  c l a s s e s .  
One o f  t h e  bad a s p e c t s  of  doing bus ines s  w i th  DOD i s  
t h a t  most of  t h e  procurements d o n ' t  have enough volume where 
you can make an investment  i n  t o o l i n g  o r  LSI (Large-Scale 
I n t e g r a t i o ~ ) .  A l l  you have is  t h e  b a s i c  l e a r n i n g  curve phe- 
nomenon and no th ing  e l s e ,  a s  shown i n  Figure  10-3. 
Now t h e r e  a r e  a few c o n t r a c t s  P i k e  t h e  PAVEWAY c o n t r a c t  
t h a t  have enough volume where you can do some t o o l i n g ,  bu t  
you are still, because of the limited quantity, limited in 
the amount of LSI that you can afford. 
One of the ways to get your cost down is to get the vq1- 
m e  up enough to where you can get a very steep product 
improvement curve by going to highly integrated components, 
like LSI. 
The approach that we took was to use technology to solve 
our problems, and Figure 10-4 shows the various types of 
technologies. The problems were the many classes of user 
equipments and the requirements imposed by the program office, 
and included in the requirements is, of course, cost. 
Figure 10-5 shows that the approach we took was to look 
at the requirements of each class and to break the require- 
ments down until we finally had a set of common modules that 
had design-to-cost goals and the various user requirements 
imposed by the contrasts. 
Figure 10-6 is another way to draw GPS user equipment 
where you have your application-sensitive components such as 
your antennas, depending on whether you want a high anti-jam 
phased array antenna or simple MANPACK, and the power supply 
with 400 cycles, 28 volts, and then the various man-machine 
interface units. 
On the right side of Figure 10-6, we have the application 
nonsensitive portion of the system, which was broken down into 
the receiver and the processor. With respect to the processor, 
looking at the data processing considerations as shown in Fig- 
ure 10-7, there were a lot of applications. At the low end 
we had the MANPACK. We also had the high-performance aircraft 
and the missile with very high velocity, and we were going to 
try to encompass all those requirements in one set of hardware. 
There were a multitude of computation tasks. There was, 
of course, the need for things to be done in real time. We 
weren't sure when we started the program how many bits we 
really needed, and extended precision was required for accu- 
racy. You might need up to 64 bits in the environment that 
we were looking at, plus the full mil temperature range with 
potential for some radiation hardness. 
A s  shown i n  F igu re  10-8, t h e  design emphasis f o r  t h e  
near  term was t o  look  a t  t h e  requirements  and break t h e  
requirements  down i n t o  t h e  common func t ions ,  and then break 
t h e  f u n c t i o n s  apart--whether hardware o r  so f tware  funct ions--  
always, of cou r se ,  looking  a t  des ign  t o  c o s t  as one of t h e  
d r i v e r s  and us ing  technology.  
Our b a s i c  s t r a t e g y  w a s  t o  use  technology f o r  power, 
speed, c o s t ,  weigh t ,  and s i z e  b e n e f i t s .  I n  t h e  long term, 
though, -re d i d n ' t  want t o  des ign  a system t h a t  w a s  going t o  
become o b s o l e t e  w h i l e  w e  were des ign ing  it, s o  w e  t r i e d  t o  
design a system where w e  could ach ieve  incrementa l  growth 
using common modules so t h a t  w e  d i d n ' t  have t h e  abrupt  
s t a r t u p  c o s t s  eve ry  t i m e  we rece ived  a  new c o n t r a c t  o r  new 
app l i ca t ion .  We t r i e d  t o  accommodate a l l  p o s s i b l e  app l i ca -  
t i o n s  t h a t  w e  cou ld  f o r e s e e ,  a t  l e a s t  f o r  DOD. W e  wanted 
t o  permi t  an e v o l u t i o n a r y  type  system o v e r  a  mu l t i yea r  l i f e  
C'y'cfe, -I--- w r l c L c  we were l ~ ~ k i n g  at family-oriented LSI parts,  
By t h a t ,  I mean a p a r t  t h a t  w a s  n o t  going t o  be o b s o l e t e  but  
would be g e n e r i c a l l y  p a r t  of a family,  a p a r t  t h a t  wou3.d be 
around f o r  a few yea r s .  And w e  needed hardware suppor t  t o o l s  
and so f tware  suppor t  t o o l s .  
W e  came up w i t h  a  set  of  modules as shown i n  Figure  10-9. 
The b a s i c  c o n f i g u r a t i o n  for a  s i n g l e  channel  w a s  what w e  had 
f o r  t h e  MANPACK. It  c o n s i s t e d  of  t h e  microprocessor  module, 
ROM and RAM modules; and w e  had an i n t e r f a c e  t h a t  allowed us 
t o  g e t  t o  o u r  CDU, and t h e y  a l l  t a l k e d  t o  each o t h e r  on t h e  
l o c a l  bus. 
For  t h e  high-dynamic system, w e  used t h i s  same configu-  
r a t i o n  f o r  o u r  r e c e i v e r  c o n t r o l ,  bu t  we a l s o  needed .two more 
microprocessors.  One w e  used f o r  ou r  nav iga t ion  f i l t e r ,  and 
t h e  o t h e r  w e  used f o r  o u r  b a s i c  c o n t r o l l e r .  
W e  have a f l o a t i n g  p o i n t  u n i t  t h a t  could be accessed by 
e i t h e r  t h e  nav iga t ion  o r  t h e  c o n t r o l  p rocessor .  More shared 
memory w a s  needed, so  w e  came o u t  on an I-bus and had some 
g loba l  memory. W e  a l s o  had t o  i n t e r f a c e  w i th  t h e  o u t s i d e  
world. W e  t hen  r ece ived  a c o n t r a c t  f o r  an ICBM tes t  program, 
and we had t o  have a f o u r t h  channel  f o r  a f o u r t h  processor ,  
so  w e  j u s t  added ano the r  one as shown he re ;  b u t  a l l  t h e  mod- 
u l e s  are t h e  same. I t  i s  t h e  same b a s i c  c o n f i g u r a t i o n  and 
same s t r u c t u r e .  
Figure  10-10 is  a p i c t o r i a l  of o u r  microprocessor  module. 
It is  t h e  h e a r t  o f  ou r  system. I t  c o n t a i n s  a 16-b i t  micro- 
processor .  It  u s e s  I ~ L  technology. We chose t h a t  technology 
because it was f a i r l y  new technology a t  t h e  t ime ,  and we could 
s e e  t h e  speed would i n c r e a s e  w i th  t i m e ;  and s o  f a r ,  it has 
done t h a t  r a t h e r  wel l .  
Also,  one o f  t h e  n i c e  f e a t u r e s  about  it is  you can change 
t h e  speed wi th  your  c u r r e n t  d r i v e ;  and so,  i f  you have a low- 
power, low-speed system, you j u s t  lower t h e  c u r r e n t  d r i v e  and 
you w i l l  have a lower speed system. 
One o f  t h e  n i c e  f e a t u r e s  about  t h e  system i s  t h a t  you can 
i n t e r f a c e  t o  an e x t e r n a l  t e s t  pane l ,  which a l l o w s  you t o  do a 
l o t  o f  t roub le shoo t ing  on t h e  system. Another n i c e  f e a t u r e  i s  
an  o s c i l l a t o r  t h a t  i s  on t h e  c a r d  t h a t  can be t h e  c lock ,  o r  
w e  can use  an e x t e r n a l  c iock ,  however w e  dec ide  t o  conf igure  
t h e  system. 
F igure  10-11 shows t h e  hardware t h a t  w e  b u i l t .  
The name of  t h e  game today i n  DOD, j u s t  l i k e  it is i n  t h e  
c i v i l  and commercial world,  i s  c o s t ,  and s o  t h e  reason w e  d i d  
t h e  common modules was t o  g e t  t h e  c o s t  down. It wasn ' t  t o  
g e t  t h e  b e s t  performance system, bu t  it was t o  g e t  a system 
t h a t  would meet t h e  requirements  a t  t h e  minimum c o s t ;  and w e  
t h i n k  w e  have done t h a t .  
W e  are c u r r e n t l y  b u i l d i n g  a few o f  t h e s e  processor  mod- 
u l e s ,  and they  are p r i c e d  a t  $4,100 f o r  t h e  microprocessor  
module i n  very s m a l l  q u a n t i t i e s ,  and Figure  10-12 shows two 
l e a r n i n g  curves .  There is no r e a l  s i g n i f i c a n c e  t o  t h e  nun- 
b e r s  o t h e r  t han  t h e  f a c t  t h a t  t y p i c a l l y ,  f o r  j u s t  t h e  simple 
l e a r n i n g  curve ,  you look a t  a number somewhere around 95 per- 
c e n t ,  and then  i f  you s t a r t  t a l k i n g  about  t o o l i n g  and LSI, 
you can s t a r t  coming down toward t h e  70 range. Our design- 
to -cos t  goa l  f o r  Phase I was $710 f o r  t h i s  module, s o  w e  f e e l  
t h a t  i s  c e r t a i n l y  achievable .  
One of  t h e  n i c e  t h i n g s  about  u s ing  t h e  san.e module f o r  
both  systems is  t h a t  i f  you were t o  g e t  a q u a n t i t y  buy of 
each t y p e  o f  system, s a y  a thousand MANPACK'S and a thousand 
High Dynamic S e t s ,  t hen  assuming you d i d  t h e  t o o l i n g  and LSI, 
i n s t e a d  o f  c o s t i n g  $454, it could c o s t  $256; s o  t h a t  is  a s ig -  
n i f i c a n t  saving.  
Now t h e s e  a r e  goa l s ,  and w e  haven ' t  done them y e t ,  o t h e r  
t han  t h e  f a c t  t h a t  we could se l l  you one f o r  $4,100; so  I 
guess  t h e r e  i s  some ques t ion  of  c r e d i b i l i t y .  
The l a s t  s u b j e c t  I would l i k e  t o  d i s c u s s  is  a LORAN-C 
nav iga to r  t h a t  Texas  instrument,^ bu i ld s .  It  sells  f o r  a 
l i t t l e  over  $2,000, i n  q u a n t i t i e s  o f  one. 
Now, t h e s e  are s o l d  through marine d e a l e r s ,  so  t h e r e  is 
a markup, and t h e  numbers are comparable t o  t h e  numbers being 
discussed.  The $2,000 incJ udes t h e  markup. 
Within t h i s  u n i t ,  w e  have a t iming and c o n t r o l  board, 
and 1 have one t o  g i v e  you a f e e l  f o r  t h e  s i z e  o f  t h e  board. 
You w i l l  n o t i c e  t h a t  a t  t h e  end of t h i s  board,  t h e r e  are two 
l i t t l e  connectors .  They have 2 4  pi l ls  on them, and you can 
r e p l a c e  t h i s  board wi th  a 24-pin dua l  i n  l i n e  package ( D I P ) ,  
v.vh4mh W..IYLL we have done. 
This new c h i p  c o s t s  less than t h e  m a t e r i a l  c o s t s  on 
t h i s  board, b u t  you a l s o  e l i m i n a t e  t h e  c o s t  of  t h e  PC board, 
which is minor, b u t  neve r the l e s s ,  it is  a c o s t ;  and you don ' t  
have t h e  c o s t  of t h e  assembly l abo r  t h a t  goes i n  t o  making 
t n i s  board w i t h  t h e  con~ponents on it, s o  we a r e  g e t t i n g  about 
a 10-to-1 r a t i o  cost r educ t ion  because you have t h i s  24-pin 
pack ve r sus  t h i s  board. W e  are t ak ing  t h e  same approach on 
GPS . 
QUESTION ( M r .  A l lan  E. Greenberg, Cardion E l e c t r o n i c s )  - 
Is t h a t  p a r t i c u l a r  i n t e g r a t e d  c i r c u i t  a v a i l a b l e  f o r  anybody 
o r  for  on ly  in-house? 
ANSWER - That i s  being done by a d i f f e r e n t  group. I 
c a n ' t  answer t h a t ,  b u t  I could f i n d  o u t  and l e t  you know i f  
you would l i k e  t o  g i v e  m e  your name. That i s  being done by a 
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Defense and Space Systems Group 
My i n i t i a l  d i s c u s s i o n  w i l l  be d i r e c t e d  a t  t h e  50 per- 
( l en t  t h a t  w a s  r e f e r r e d  t o  e a r l i e r ,  t h a t  p a r t  t h a t  one of my 
w l l e a g u e s  r e f e r r e d  t o  a s  "...maybe we shou ldn ' t  spend t i m e  
customizing." My on ly  comment i s  it provides  m e  a l i v i n g .  
I should p o i n t  o u t  t h a t  o u r  involvement i n  GPS was 
somewhat through a back door. I say  t h i s  wi th  r e s p e c t  t o  
t h e  TRW in-house r e s e a r c h  on methods f o r  improving t h e  c o s t ,  
r e l i a b i l i t y ,  s i z e ,  and power f o r  so-ca l led  RF analog-type 
c i r c u i t s .  Much has  been done i n  t h e  a r e a  o f  d i g i t a l  LSI, 
bu t  very l i t t l e  has  been done i n  t h e  realm o f  analog-type 
c i r c u i t s ;  and when I speak of  ana log ,  I am speaking o f  
c i r c u i t s  t h a t  o p e r a t e  up t o  about  2 g igahe r t z ,  s o  l e t  me 
then s e t  t h a t  a s  a s t a g e  f o r  t h i s  d i s cus s ion ,  
This s tudy  is t i t l e d  "Arch i t ec tu ra l  Design o f  an 
Improved GPS Receiver us ing  RF Analog LSI C i r c u i t s . "  W e  
chose t h e  words "improved GPS r e c e i v e r "  s o  t h a t  it would 
no t  be  c o n t r o v e r s i a l .  We d i d n ' t  u s e  t h e  words "low-cost" 
because t h e  des ign  is  n o t  low-cost i n  t h e  s ense  of a gen- 
e r a l  a v i a t i o n  r e c e i v e r .  The r e c e i v e r  was in tended f o r  m i l i -  
t a r y  a p p l i c a t i o n s ,  s o  a s  such it was c a l l e d  an improved 
r ece ive r .  
I w i l l  t r y  t o  cover  qu ick ly  some of  t h e  backyround 
of  o u r  LSI work a t  TRW, t h e  a r c h i t e c t u r a l  s tudy  i t s e l f ,  
and t h e  s tudy  r e s u l t s ;  and then  I w i l l  c l o s e  by g iv ing  some 
of t h e  progress  o f  t h a t  c o n t r a c t ,  where w e  are, and where 
we hope t o  be. 
The technology base  t h a t  we have used f o r  t h i s  work 
i s  t h e  oxide a l i g n e d  t r a n s i s t o r  technology. Using t h i s  
technology, w e  have developed t r a n s i s t o r s  t h a t  have an f t  
i n  t h e  range o f  4 t o  5 g igahe r t z .  
The advantage of t h i s  technology is  t h a t  it al lows 
us t o  use on-chip p r e c i s i o n  r e s i s t o r s  and metal-on-metal 
type  c a p a c i t o r s .  The dev ices  e x h i b i t  t y p i c a l  g a t e  de l ays  
of 250 picoseconds,  ve ry  low power (20 m i l l i w a t t s  p e r  g a t e ) ,  
and extremely h igh  d e n s i t y  (2,000 t o  10,000 dev ices  p e r  d i e ) .  
In utilizing these devices then, we require low 
parasitic interconnections; that is the key to this tech- 
nology. The benefits that one can derive from this tech- 
nology are given in the lower five or six lines of Figure 
11-1. 
Recognizing these potential benefit&, TRW embarked 
about 3 years ago, starting about 1975-1976, on some in-house 
developments to prove to ourselves that this technology 
indeed would be and could be implemented outside of a labo- 
ratory environment. 
Figure 11-2 shows an example of the development work 
we did. We built two Costas loop demodulators. In the 
upper left-hand corner is one that operates at an input fre- 
quency of 500 megahertz, and next to it is one that operates 
at about a thousand megahertz. 
The package in the lower left of Figure 11-2 shows the 
chip mounted inside a hermetically sealed package which can 
be mounted on a PC board for use as part of a rezeiver. 
The first unit was tested at data rates up to a maximum 
of-about 1 megabit and the second unit, to about 10 megabits. 
Accompanying the development of the Costas loop demodu- 
lators is an RF receiver on a chip (See Figure 11-3), much 
as was described by our colleague from Stanford Telecommuni- 
cation, Inc., except that this receiver was designed on the 
RF frequency . 
In a GPS application, the bottom oscillator can be 
replaced by a code generator so that we can actually despread 
the signal at RF and go directly into a phase demodulator. 
Ahead of this receiver we are assuming that a preamplifier 
conditions the signal to a reasonable level. 
This receiver was tested at an input power of between 
-100 to -70 dBm. 
As a result of this in-house technology work, the Naval 
:.:lectronic Systems Command (NAVELEX) became interested in a 
possible application of this technology. The application 
was the development of a family of universal RF LSI circuit 
building blocks which could be configured for various types 
of equipment in this RF range. 
I n  p a r t i c u l a r ,  t h e  types  o f  c i r c u i t s  were low-noise 
a m p l i f i e r s ,  mixers ,  ~ o d u l a t o r s ,  demodulators, I F  a m p l i f i e r s ,  
oscillators, phase-luck loops--the t y p e s  o f  c i r c u i t s  t h a t  
would b e  used i n  RF r e c e i v e r s .  
The Navy, i n  t y p i c a l  f a sh ion ,  s a i d ,  T h a t ' s  g r e a t ,  
u n i v e r s a l  b locks;  how about  apply ing  it t o  a s p e c i f i c  a p p l i -  
c a t i o n ?  The a p p l i c a t i o n  chosen was a GPS r e c e i v e r .  F igure  
11-4  g i v e s  an overview o f  t h e  c o n t r a c t  wi th  t h e  Naval Ocean 
Systems Laboratory t h a t  has  as one o f  i t s  o b j e c t i v e s  t h e  
development of  a fami ly  o f  u n i v e r s a l  RF L S I  c i r c u i t s .  
AnoJ:her o b j e c t i v ~ ?  i s  t o  demonstrate t h e  a p p l i c a b i l i t y  o f  
some o f  t n s  ;e b u i l d i n g  b locks  t o  a GPS r ece ive r .  
The schcdule  ca l l : , d  f o r  a r e c e i v e r  a r c h i t e c t u r a l  s tudy  
i n  3 months, Z ?e o b j 2 c t i v e  o f  which w a s  t o  d e f i n e  t h e  i n p u t s  
and o u t p u t s  and t h e  s p e c i f i c a t i o n s  o f  some of  t h e  RF L S I  
chips ;  fol lowed t h e n  by t h e  demonstra t ion c i r c u i t  i n  1 5  months 
and o t h e r  b u i l d i n g  b locks  i n  21 t o  27 months; and f i n a l l y  a 
demonstra t ion breadboard i n  36 months. 
F igu re  i l - 5  i s  a l i s t  o f  some of t h e  b u i l d i n g  b locks  
t h a t  w e  w i l l  b e  deve lop ing  under t h i s  c o n t r a c t .  F igure  11-6 
shows how t h e  c i r c u i t  d e s i g n s  would be used i n  p r a c t i c e .  
One of  t h e  f e a t u r e s  o f  t h i s  program i s  t o  gene ra t e  t h e  b a s i c  
s : c i f i c a t i o n s  fo; t h e s e  d i f f e r e n t  b locks  t h a t  I t a l k e d  about 
and e n t e r  t h e s e  i n t o  a computer-aided des ign  l i b r a r y .  Then, 
depending upon t h e  p a r t i c u l a r  a p p l i c a t i o n  of  t h e  c i r c u i t ,  t h e  
c i r c u i t  can be customized by c a l l i n g  o u t  s p e c i f i c  r e s i s t o r ,  
c a p a c i t o r ,  and t r a n s i s t o r  parameter values .  
What we d i d  i n  t h a t  3-month s tudy  was p r i m a r i l y  d i r e c t e d  
a t  t h e  technology s o  t h a t  w e  cou ld  des ign  a c i r c u i t  t h a t  would 
be  a p p l i c a b l e  t o  something s p e c i f i c  r a t h e r  t h a n  j u s t  a  gene ra l  
un iversa l - type  a p p l i c a t i o n ,  
F igu re  11-7 summarizes t h e  s tudy  o b j e c t i v e s .  The a r c h i -  
t e c t u r a l  s tudy  w a s  under t h e  d i r e c t i o n  o f  M r .  Chuck West a t  
Naval Ocean Systems. The t h r e e  t a s k s  were: (1) Analyze t h e  
e x i s t i n g  GPS system and use r  requirements  (I  might p o i n t  o u t  
t h a t  t h i s  t a s k  was n o t  in tended  t o  be on an exhaus t ive  r equ i r e -  
ments a n a l y s i s  b u t  o n l y  in tended t o  p i c k  o u t  t h o s e  t h i n g s  
t h a t  were c r i t i ca l  t o  t h e  des ign  of  t h i s  r e c e i v e r ) ;  (2 )  Design 
a GPS r e c e i v e r  which i n c o r p o r a t e s  RF  analog c i r c u i t s ;  and 
( 3 )  Est imate  t h e  produc t ion  cost o f  t h e  r e c e i v e r .  
T h i s  s t u d y  w a s  n o t  i n t e n d e d  a s  a n  e x h a u s t i v e  t r a d e o f f  
s t u d y  t o  c o v e r  e v e r y t h i n g  under  t h e  sun b u t  was t o  o p t i m i z e  
t h e  r e c e i v e r  f o r  RF LSI; and t h e n ,  t o  g i v e  it some credence ,  
we were asked  t o  estimate t h e  p r o d u c t i o n  c o s t s  o f  t h e  
r e c e i v e r .  
The key r e s u l t s  are shown i n  F i g u r e  11-8. Most o f  
t h e s e  numbers w e r e  l i f t e d  o u t  o f  US 200 s o  t h e y  shou ld  n o t  
b e  new t o  anyone. 
T h i s  d e s i g n  f u n c t i o n e d  s a t i s f a c t o r i l y  i n  a  n o n h o s t i l e  
envi ronment ;  however, i n  t h e  GPS jamming envi ronment  t h e  
r e c e i v e r  d e s i g n  w a s  deficient. The a d d i t i o n a l  n o i s e  over -  
loaded t h e  d e t e c t o r  c i r c u i t s .  
F i g u r e  11-9 i s  a  v e r y  s i m p l i f i e d  b l o c k  d iagram o f  t h e  
r e c e i v e r .  What w e  were concerned w i t h  w a s  p r i m a r i l y  t h e  RF 
s t r u c t u r e  o f  t h e  r e c e i v e r  and n o t  t h e  d i g i t a l  a s p e c t  of t h e  
r e c e i v e r .  A s  I go th rough  t h e  b lock  d iagram,  I w i l l  p o i n t  
o u t  some o f  t h e  assumpt ions  t h a t  were made. One o f  t h e  
major c o n s t r a i n t s  was t o  d e s i g n  t h e  r e c e i v e r  on a  c a r d  s o  
t h a t  a  m u l t i c h a n n e l  r e c e i v e r  c o u l d  be  made up o f  N t y p e s  of  
i d e n t i c a l  c h a n n e l  c a r d s ,  much l i k e  t h e  approach  t h a t  w a s  
t a k e n  i n  t h e  p r e v i o u s  s p e a k e r ' s  mic ronrocessor .  
I might  p o i n t  o u t  t h a t  w e  have i n c l u d e d  i n  t h e  d e s i g n  
a p r e a m p l i f i e r  t h a t  c o u l d  be i n c o r p o r a t e d  e i t h e r  a t  t h e  
antenna  o r  on t h e  c h a n n e l  c a r d  i t s e l f .  
L-2 i s  up c o n v e r t e d  t o  t h e  L-1 f requency.  A s w i t c h  
a n d  power s p l i t t e r  a l l o w s ,  under  t h e  p r o c e s s  o r  c o n t r o l ,  t o  
p r o c e s s  e i t h e r  t h e  L-1 o r  t h e  L-2. 
F i g u r e  11-10 shows a  l i t t l e  more d e t a i l .  N o t e  how t h e  
r e c e i v e r  ls been p a r t i t i o n e d  i n t o  t h e  f i v e  c h i p s .  The i n p u t  
c i r c u i t  is c a l l e d  t h e  RF c h i p  o r  t h e  RF r e c e i v e r  c h i p  and is 
t h e  c h i p  under development;  a n o t h e r  c h i p ,  t h e  demodulator  
c h i p ,  a .  t h e  RF c h i p  u s e  t h e  RF LSI t echno logy .  
The o t h e r  t h r e e  c h i p s  shown i n  F i g u r e  11-10 a r e  d i g i t a l  
i n  n a t u r e .  The code  g e n e r a t o r  was s p e c i f i e d  by d i r e c t i o n .  
It i s  a  se t  of  c h i p s  t h a t  RCA h a s  developed f o r  t h e  Naval 
Research Labora to ry .  
The code clock divider chip is a digital chip, as is 
the frequency generator. 
Figure 11-11 shows a little more detail of the GPS 
receiver chip, or the RF chip. It is comprised primarily 
of amplifiers and mixers; the amplifier gain is about 30 dB. 
An off-chip filter is required for rejection of the LO fre- 
quencies and undesired jamming products. 
As part of the study, we did a power tradeoff to see 
just how much power would be required by the chips and what 
a typical five-channel configuration would entail. Figure 
11-12 summarizes the results. 
The RF chip takes a little over a watt. The second 
chip that is talked about takes about six-tenths of a watt; 
the divider chip, about half a watt; the code generator, 
about a quarter of a watt; and the VCO, about CWv IrelaIr1 -"In P ~f 
a watt, for a total of two and a half watts. 
The two and a half watts includes the preamplifier. 
For a five-channel set, the prime power requirement is about 
47 watts. 
I might point out that this is probably conservative 
because the microprocessor that was used was an existing 
microprocessor; it was not one that we tried to optimize. 
This was not the intent of the study; but you can certainly 
see that if a more efficient microprocessor were used, the 
power would be reduced drastically. 
Figure 11-13 is a picture of what that five-channel set 
would look like. As can be seen, the microprocessor was esti- 
mated at about six modules. These modules, incidentally, are 
a half ATR, or approximately four and a half by F ~ X  inches in 
area. The channel cards occupy five slots, with ,he power 
supply, filter, and oscillator occupying the rear of the 
box. 
Figure 11-14 summarizes the production cost of a five- 
channel GPS receiver in 1978 dollars for a typical west 
coast coxcpany to manufacture. For the five-channel receiver, 
in quantities of a thousand, we estimate a cost, not including 
markup and fee, of about $14,000; for a single channel, about 
$7,500; and t h e  c o s t  p e r  channel ,  about  $1,500. You can 
see i f  you were t o  t a l k  about  a s ing le -channe l  r e c e i v e r ,  
you a r e  t a l k i n g  roughly  $6,000 i n  what w e  c a l l  common 
equipment t o  do a s ingle-channel  func t ion .  
W e  f e e l  t h a t  t h i s  c o s t  e s t i m a t e  is  probably conserva- 
t i v e  based on o u r  assuming a 10 p e r c e n t  y i e l d  f o r  t h e s e  RF 
LSI c i r c u i t s .  More t y p i c a l l y ,  I t h i n k  i f  you are producing 
LSI c i r c u i t s ,  a  30 p e r c e n t  y i e l d  i s  g e n e r a l l y  a b e t t e r  number; 
b u t  we picked a 10  pe rcen t  y i e l d  because w e  d o n ' t  have t h a t  
much exper ience  w i t h  t h e s e  c i r c u i t s .  
This  des ign  i n c o r p o r a t e s  an RCA ATMAC microprocessor.  
Again i f  we were t o  use  t h e  TI microprocessor  t h a t  i s  t a i l -  
o r e d  f o r  t h i s  p a r t i c u l a r  a p p l i c a t i o n ,  t h e  c o s t  is  l i k e l y  t o  
come down. 
We a l s o  e s t ima ted  manual t e s t i n g  o f  bo th  t h e  modules 
and a t  t h e  system level  p r imar i ly  because w e  c o u l d n ' t  silpply 
t h e  factc.:y c o s t  e s t i m a t o r s  wi th  enough d e t a i l  f o r  estirnat- 
i n g  automat ic  t e s t i n ,g .  
I n  summary t h e n ,  TRW b e l i e v e s  t h a t  t h e r e  i s  a high 
p o t e n t i a l  f o r  R F  LSI a p p l i c a t i o n  t o  GPS. W e  a r e  probably 
2 y e a r s ,  maybe 3 y e a r s  from s e e i n g  t h e  problems worked out .  
However, t h e  f i r s t  RF LSI c h i p ,  t h e  front-end c h i p ,  which 
w e  f e e l  i s  t h e  most d i f f i c u l t ,  i s  scheduled f o r  t e s t i n g  and 
c h a r a c t e r i z a t i o n  by t h e  end o f  December 1978. I hope t h a t  
n e x t  year  (1979) ,  i f  we have another  seminar,  I can r e p o r t  
good r e s u l t s .  
QUESTION (A P a r t i c i p a n t )  - Would t h e  c o s t  f i g u r e s  you 
m e n t i m o  app ly  t o  a r e c e i v e r  designed f o r  u s e  by c i v i l  
a i r c r a f t ?  
ANSWER - The r e c e i v e r  descr ibed  i s  a f u l l  m i l  spec 
-
r e c e i v e r .  W e  d i d  u s e  m i l  s t andard  p a r t s ,  l e v e l  B i n  f a c t ;  
and t h e s e  c o s t  numbers a r e  d i r e c t e d  a t  a  m i l  t ype ,  m i l i t a r y  
a p p l i c a t i o n  r e c e i v e r .  So you can s e e  from t h e  work t h a t  w e  
d i d  t h a t  i f  you e x t r a p o l a t e  t o  a g e n e r a l  a v i a t i o n  type  app l i -  
c a t i o n ,  t h e  c o s t  would come down d r a s t i c a l l y .  
QUESTION ( M r .  Edward F. P r o z e l l e r ,  Applied Phys ics  
~ a b o r ' m h n s  Hopkins Un ive r s i t y )  - You mentioned t h a t  
t h e  f o u r t h  p a r t  o f  your  program was t h e  demons t ra t ion  o f  n 
f u l l  r e c e i v e r .  When do you expec t  t h a t  t o  happen? 
ANSWER - Thi s  program i s  about  3 y e a r s  i n  d u r a t i o n ,  
o f  w h i d h  have gone through about  one;  s o  it w i l l  be i n  
about  ano the r  2 year's. 
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DESCRIPTION OF THE STUDY 
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William W. Edmunds 
A i r  Line P i l o t s  Association 
The ALPA p o s i t i o n  i n  regard t o  t h e  NAVSTAR/GPS system 
is t h a t  it appears  t o  have g r e a t  p o t e n t i a l  as a naviga t ional  
system, and w e  would l i k e  t o  see it :eceive a thorough eval- 
ua t ion  by t h e  FAA t o  examine i t s  p o s s i b i l i t i e s  f o r  c i v i l i a n  
u8e. From t h e  a i r l i n e  p i l o t s '  po in t  of  view, w e  f e e l  t h a t  
its g r e a t e s t  p o t e n t i a l  i s  i n  allowing g r e a t e r  naviga t ional  
accuracy i n  oceanic  a i r space  and i n  t h e  underdeveloped coun- 
tries and o t h e r  a r e a s  o f  t h e  world where t h e  U.S. a i r l i n e s  
f l y .  We f e e l  t h e  GPS should be evaluated i n  l i g h t  of those 
naviga t ional  systems t h a t  a r e  i n  c u r r e n t  use today and pro- 
jec ted  f o r  t h e  next  15 years. 
PRECEDING PAGE BLANK NOT EWMED 
Frederick B. McIntosh 
Di rec to r ,  Operational Services  
National Business A i r c r a f t  Association 
A s  a user  group, we a r e  very glad t o  see  NASA and FAA 
have joined hands i n  t h i s  type of a meeting, p a r t i c u l a r l y  
because t h i s  a r e a  of navigat ion and t r a f f i c  c o n t r o l  is his-  
t o r i c a l l y  a very touchy th ing  beaucra t i ca l ly  between the  
two o rgan iza t ions  and needs t o  be complimented. 
I must admit t h a t  I came t o  t h i s  meeting with a g rea t  
deal  of  reserva t ion .  Simply put ,  I wondered i f  we were look- 
ing a t  another MLS program t h a t  i s  j u s t  about t o  be launched-. 
a program where a l l  progress  s tops  on everything e l s e  while 
we inven t  a new wheelbarrow. 
Now, these  f e e l i n g s  a r e  no t  p a r t i c u l a r l y  out  of l i n e  
when you consider  t h a t  OMB s e n t  t o  Congress a GAO repor t  on 
the GPS. This i s  a r e p o r t  you a r e  a l l  f ami l i a r  with point ing 
out i t s  accurac ies  and t h e  f a c t  t h a t  it w i l l  do everything 
fo r  everybody. 
They neglected t o  send t h e  second repor t  t h a t  GAO a l s o  
passed ou t ,  namely showing some of t h e  t echn ica l  problems, 
things t h a t  have t o  be solved, long-term pol icy  decis ions.  
I might add indus t ry  made up f o r  t h a t  def ic iency by 
sending a copy of  t h e  second r e p o r t  t o  the  same Congress. 
W e  v i s i t e d  w i t h  a Congressional Committee holding hear- 
ings ,of which t h e  GPS was high on t h e  o rde r  of discussion.  
Almost unanimously, a l l  of t h e  groups represented here,  t o  
some degree o r  another ,  expressed concern about t h e  GPS pro- 
gram and dec i s ions  being made prematurely. 
When t h e  Congressional Committee r e p o r t  was published, 
i f  you read t h a t ,  you would be l ieve  w e  a l l  wholeheartedly 
endorsed GPS and g e t  on with it a s  soon a9 poss ib le .  
Thirdly,  P.TCA r e c e n t l y  e s t ab l i shed  SC-137 f o r  t h e  purpose 
cf developing minimum  pera at ion performance s tandards f o r  RNAV. 
A t  t h e  RTCA meeting a t  which t h a t  was es t ab l i shed ,  t h e  
r ep resen ta t ive  from t h e  FAA s a i d  t h a t  i f  GPS was included i n  
t h a t  committee work, FAA would have t o  withdraw support  from 
the  committee. 
And l a s t ,  bu t  f a r  from l e a s t ,  while  we were discussing 
Omega and a11 of these  navigat ion systems t h a t  were ou t l ined  
t o  us  yesterday, t h e  Coast Guard q u i e t l y  s t a r t e d  i n s t a l l i n g  
th ree  o r  four  new LORAN-C chains.  
When you cons ider  t h e  f a c t  t h a t  t h e  Coast Guard, a t  
l e a s t  on paper, works f o r  t h e  Department of Transportat ion 
as  does t h e  FAA, it makes you wonder how much meat is, i n  
f a c t ,  i n  t h e  National Navigation Plan. 
So, when I s a i d  t h a t  we came t o  t h i s  m e t i n g  with s l i g h t  
misgivings, it i s  based on a c t i o n s  t ak ing  p lace  i n  Washington. 
There a r e  some very p o s i t i v e  th ings  t h a t  have a l ready 
come o u t  of t h i s  meeting, and I would l i k e  t o  endorse them 
because T d o n ' t  want you t o  go home and say, "1 have l i s t ened  
t o  t h e  f r i e n d l y  undertaker." 
W e  a r e  happy t o  see FAA speak t o  t h e  t o t a l  navigat ion 
needs of t h e  c i v i l  a i r  f l e e t ,  not  j u s t  t h e  one system. It 
is  t r u e  we a r e  here t a l k i n g  about GPS, but W' were very 
pleased t o  s e e  i n  t h e  b r i e f i n g  yesterday where they put  it 
i n  i t s  proper context,, we think.  
They a l s o  (FAA),  by doing t h a t ,  endorqed t h e  concept of 
RNAV. This i s  t h e  f i r s t  r e a l  major s t e p  forward i n  a long, 
long time; and I would remind you t h a t  i f  we a r e  ta handle 
t h e  f o r e c a s t  t r a f f i c  of t h e  fu tu re ,  we  have f i n i k e  a i rspace  
and t h e  world's  g r e a t e s t  ATC system, and t h e  only way we 
a r e  going t o  be a b l e  t o  handle t h i s  t r a f f i c  i s  t o  be able  t o  
use an  RNAV system of  navigat ion,  be it Omega 0: GPS o r  what. 
Now, you a r e  wondering what these  pol icy  rtmarks have 
t o  do a t  an ELD meeting. I would po in t  out  03 you, a t  l e a s t  
from our  p o i n t  of view, of l a t e ,  E&D i n  F?A tends t o  s e t  a 
g r e a t  dea l  of  pol icy  a s  witnessed by the f i v e  EPD i n i t i a t i v e  
meetings t h a t  have been going on f o r  a p-xiod of some months 
and hopeful ly  w i l l  be completed wi th in  the  next  couple of 
months. 
There a r e  some i n t e r e s t i n g  problems t h a t  were brought up 
yesterday,  and I would l i k e  t o  poin t  ou t  what some of  them 
a r e  because they  d id  no t  su r face  a s  suck, 
You recall i n  t h e  FAA b r i e f i n g  they  t a lked  about t h e  
need o f  t h e  o f f s h o r e  h e l i c o p t e r  operat ions.  In  r e a l i t y ,  I 
would remind you what they  a r e  t a l k i n g  about r e a l l y  i s  no t  
navigat ion s o  much as it is  FAA con t ro l ,  which is  t h e  o ther  
s ide  of t h e  coin.  
The o f f s h o r e  people have been using Omega and o t h e r  sys- 
tems q u i t e  s a t i s f a c t o r i l y  on t h e  gulf  c o a s t  and t h e  Gulf of 
Alaska and i n  Norway where they  have an Omega s t a t i o n .  They 
did p o i n t  o u t  t h e  approach problem, which w i l l  be addressed 
l a t e r  and which we  endorse,  a f t e r  you g e t  t o  t h e  o i l  r i g ,  
how do you g e t  from t h a t  path? 
I j u s t  wanted you t o  know t h a t  t h e r e  a r e  innuendos t o  
t h i s  meeting t h a t  involve command and c o n t r o l ,  i f  you w i l l ,  
a s  w e l l  an navigat ion.  
W e  s t rong ly  support  t h e  ne i i cop te r  work that is gsfiig 
on a t  t h e  p r e s e n t  t i m e ,  both of fshore  and onshore domestically.  
The h e l i c o p t e r  f l e e t  i s  growing beyond any expecta t ions ,  i n  
both execut ive  and i n e u s t r i a l  t r a v e l .  
There i s  no denying, however, t h a t  an RNAV concept is 
needed. In  summary then ,  it i s  t h e  pol icy  of t h e  National 
Business A i r c r a f t  Associat ion t h a t  t h e  domestic navigat ion 
system must be a common system, usable  by t h e  g r e a t e s t  num- 
bers of a i r c r a f t ;  and t h i s  common system must be capable of 
using an RNAV technology. It must provide,  if poss ib le ,  
approach guidance t o  reasonable meteorological condi t ions ,  
hopefully Category I, and must be compatible with the  a i r  
t r a f f i c  con t ro l  systems f o r  ontrack accurac ies  and o the r  
navigat ional  systems which inc lude  t h e  GPS. Although capable 
of meeting some o r  a l l  of t h e  c r i t e r i a ,  GPS must be considered 
a s  support ive o r  supplemental t o  a common system; and absent 
a b e t t e r  a l t e r n a t i v e ,  w e  be l ieve  t h a t  t h e  present  VHF system 
should be r e t a i n e d  a s  a common U.S. navigat ion system. 
The VORTAC system should be modernized and t h e  beacon 
loca t ions  reviewed f o r  loca t ion  and maximum approach 
ef fec t iveness .  
VJe be l i eve  t h e  use of every conceived system--LORAN, 
Omega, and others--as we l l  a s  self-contained s y s t e m  should 
be authorized where t h e  accuracy i e  obta inable  o r  where the  
ATC requirements f o r  s p e c i f i c  opera t ions  and where f l i g h t  
opera t ions  are conducted within the coverage of t h e  VORTAC 
system. 
Use of o t h e r  than t h e  VORTAC equipment must be compatible, 
inc luding  accurac ies  with t h e  ATC system. We th ink  the  ATC 
system should encourage t h e  increased use of RNAV knowledge; 
and any new naviga t ion  system--and GPS i s  one of these--must 
provide an  RNAV c a p a b i l i t y .  Although I not iced y e ~ t e r d a q  the  
o l d  bugaboo, w e  have t o  have rou tes ,  w e  have t o  have airways. 
God forbid!  I h o p e - t h a t  day i s  soon pas t .  
S a t e l l i t e  technology, we be l ieve ,  gives  consit lerable 
promise and may have t h e  p o t e n t i a l  t o  provide a common navi- 
ga t ion  system; and, i n  our  opinion, a knowledgeable decis ion 
may not  be poss ib le  u n t i l  1987 with implementation anywhere 
from 1 0  t o  15 y e a r s  l a t e r .  We a l s o  be l ieve ,  very s t rongly ,  
that nc decision cn rep lac ing  t he  e x i s t i n g  common av ia t ion  
navigat ion system, namely VORTAC, should be made u n t i l  t he  
candidate  system--any system, including GPS- .is thoroughly 
developed, engineered, and f l i g h t  t e s t e d  ana a mutually agree- 
a b l e  implementation plan i s  i n  exis tence.  
Remember, it is  t h e  users  who u l t ima te ly  pay t h e  b i l l .  

accidents ,  of course,  none of t h e  h e l i c o p t e r s  had IFR equip- 
ment. Why should we  go o f f  IPR? W e l l ,  I w i l l  j u s t  b r i e f l y  
enumerate t h r e e  p r i n c i p a l  reasons. 
One ia i nc reas ing  vehic le  product iv i ty .  My f r i end  
M r .  McIntosh c e  ' -a in ly  knows t h a t  a corporate  a i r c r a f t  has t o  
be kept busy because it is an extremely expensive vehicle .  
The same i s  t h e  c a s e  with he l i cop te r s ,  e s p e c i a l l y  when they 
c o s t  more than  a couple of bucks. They have t o  be kept buoy 
so we need t a  have increased veh ic le  p roduc t iv i ty ,  and we 
need more expanding a i r  serv ice .  Because of t h e  small landing/ 
takeoff  a r e a  needed by a he l i cop te r ,  t h e  p o t e n t i a l  f o r  devel- 
oping h e l i c o p t e r  s e r v i c e  v i r t u a l l y  i s  unlimited.  
Where su r face  l o c a t i o n s  a r e  no t  a v a i l a b l e ,  h e l i p o r t s  may 
be e levated ,  such as on rooftops,  over r a i l r o a d  yards, above 
warehouse areas; and so on: a s  w e l l  as, of course,  on of fshore  
platforms. However, t o  provide r e a l l y  r e l i a b l e  he l i cop te r  
s e r v i c e  t o  t h e  many p o t e n t i a l l y  des i red  landing/takeoff a reas ,  
al l-weather o r  IFR c a p a b i l i t y  is  e s s e n t i a l .  To have t h i s  kind 
of  opera t ion ,  and t o  look a l i t t l e  b i t  i n t o  t h e  fu ture ,  I have 
enumerated some h e l i c o p t e r  navigation goa l s  t h a t  I th ink  m y  
be of  i n t e r e s t .  
F i r s t ,  a fundamental goal i s  t o  have a high-accuracy navi- 
ga t ion  system wi th  g lobal  coverage, capable of providing area  
navigat ion (RNAV), without t h e  need f o r  po in t  reference navi- 
ga t ion  a ids .  Signal. coverage should be down t o  the  sur face  
without t h e  c o n s t r a i n t s  of l ine-of-s ight ,  r ad io  horizon 
l i m i t a t i o n s .  
The naviga t ion  system should be capable of providing nar- 
row, d i s c r e t e  he l i cop te r  r o u t  ings t o  f a c i l i t a t e  segregat ion 
of h e l i c o p t e r s  and conventional t a k ~ o f f  and landing, CTOL, 
a i r c r a f t .  
S imi la r ly  needed a r e  d i s c r e t e  i*s t rument  approach and 
missed approach procedures t o  h e l i p o r t s ,  hel ipads a t  CTOL a i r -  
p o r t s ,  and points-in-space, r equ i r ing  a minimum of airspace.  
Thus, it should be poss ib le  t o  opera te  he l i cop te r s  with- 
o u t  i n t e r f e r e n c e  t o  o r  from a i r l i n e s  and o t h e r  conventional 
a i r c r a f t ,  i n  many cases  shar ing  zhe same landing a reas  but 
n o t  the  same runway. 
The i n c r e a s i n q  u s e  of IFR h e l i c o p t e r  o p e r a t i o n n  h a s  
focused  s h a r p  a t t e n t i o n  on t h e  deficiencies of t h c  p r e s e n t  
VOR/DMr n a v i q a t i o n  sys tem.  T h i s  nay sound i i k e  h e r e s y ,  b u t  
I am s a y i n g  t h i u  i n  t h e  c o n t e x t  o f  or .  - a t i o n ,  n o t  performanccl, 
a s  it e x i s t s  i n  Lhe RNAV env i ronmen t ,  These b a s i c a l l y  a r e  
t h e  l a c k  o f  precision r , a v i q a t i o n  q u i d a n c e ,  l i n e - o f - a i q h t  
l i m i t a t i o n s  f o r  l o w - a l t i t u d e  f l i g h t ,  and u n a v a i l a b i l i t y  o f  
s t a t i o n s  o f f s h o r e  and  i n  remote arer .9 .  
Of t h e  13 ,000  a i r c r a f t  l a n d i n q  f a c i l i t i e s  i n  t h e  Uni ted  
S t a t e s  and i t a  p o s s e s s i o n s ,  w e  have  abou t  3,500 h e l i p o r t s ,  
some 300 o f  wh ich  are e l e v a k e d .  T4e o n l y  have l e n s  t h a n  500 
a i r p o r t s  h a v i n g  I L S  faci l i t ies  f o r  p r e c i s i o n  a p p r o a c h e s .  
W e  need t o  open  up  t h e  c a p a b i l i t y  f o r  making a p p r o a c h e s  
t o  sonle of t h e s e  same 13 ,000  a i r p o r t s ,  a s  w e l l  a s  t o  unpre-  
d i c t a b l e  l o c a t i o n s  i n  t h e  c a s e  o f  h e l i c o p t e r s  f o r  emergency 
work and  o p e r a t i o ~ s  a l o n g  p i p e l i n e s .  P l s o ,  c e r t a i n l y  thou-  
s a n d s  o f  o i l  p r o d u c t i o n  p l a t f o r m s  may r e q u i r e  i n s t r u m e n t  
a p p r o a c h  c a p a b i l i t y  i n  some a r e a s .  
The i d e a l  h e l i c o p t e r  n a v i g a t i o n a l  and p o s i t i o n i n g  con- 
c e p t  would b e  o n e  which  would have  a l l  o f  t h e  f o l l o w i n g  
c a p a b i l i t i e s  i n  an  i n t e q r a t e d  sys t em:  
. f l i c ~ h l y  a c c u r a t e  a i r b o r n e  a r e a  n a v i g a t i o n  or  RNAV 
c a p a b i l i t y ,  so t h a t  a i r w a y  o r  r o u t e  w i d t h s  c o u l d  
be  n o  g r e a t e r  t h a n  0.5 n a u t i c a l  m i l e  e i t h e r  s i d e  
o f  c e n t e r l i n e .  T h i s  d o e s  n o t  mean t h a t  w e  s h o u l d  
c o n t i n u e  w i t h  RNAV s t r u c t u r e .  I d c p ' t  t h i n k  w e  
s h o u l d  go  t h a t  way f o r e v e r ;  b u t  when w e  do  l ay  o u t  
a t r a c k ,  I t h i n k  it s h o u l d  b e  s u c h  t h a t  t h e  p i i o t  
c a n  f o l l o w  it w i t h i n  v e r y  na r row u s a g e  o f  t h e  
a i r s p a c e .  
. S u f f i c i e n t l y  a c c u r a t e  a p p r o a c h  and  l a n d i n g  gu id -  
a n c e  by t h e  a i r b o r n e  RIJAV sys t em so t h a t  mininums 
a p p r o a c h i n g  p r e c i s i o n  i n s t r u m e n t  a p p r o a c h e s  c o u l d  
be a c h i e v e d  t o  any  p i l o t - s e l e c t e d  p o i n t  on t h e  
s u r f a c e  o r  on  s p a c e  w i t h o u t  t h e  need n e c e s s a r i l y  
t o  h a v e  a n  e l e c t r o n i c  l a n d i n q  a i d  a t  t h a t  i o c a t i o n .  
. A b i l l t y  t o  f u n c t i o n  w i t h o u t  l i n e - o f - s i q h t  r a d i o  
h o r i z o n  l i m i t a t i o n s .  T h i s  i s  a  new s u b j e c t  which 
w e  w i l l  b e  g e t t i n g  i n t o  pore and more w i t h  advanced 
h e l i c o p t e r  mode l s  o f  f 1yi.ng. 
. V e r t i c a l  v e l o c i t * ~  measurement a c c u r a c y  !.n t h e  o r d e r  
o f  0.1 f o o t  p e r  secorrd; h o r i z o n t a l  v e l o c i t y  measure- 
ment  a c c u r a c y  i n  t h e  o r d e r  o f  0 .1  o f  a k n o t .  These 
a r e  q o a l s ;  w h e t h e r  t h e y  a r e  a c h i e v a b l e  or  n o t  
r e m a i n s  t o  be m e n .  They are s t i l l  i d e a l  g o a l s .  
. Three-dimenaJ.ona1, l a t e r a l ,  l o n q i t u d i n a l ,  v e r t i c a l ,  
3D n a v i g a t i o n a l  q u i d a n c e  s u f f i c i e n t l y  a c c u r a t e  t o  
supplement or  s u p p l a n t  b a r o m e t r i c  a l t i m c t r y ,  We 
make an  a p p r o a c h  t o d a y  and c a n ' t  d o  it beyond 
5 m i l e s  f rom where a n  a l t i m e t e r  p o i n t  i s  a v a i l a b l e .  
H o n e f u l l y ,  some day  we c a n  have sonc  independcncc  
from t h i s  k i n d  o f  r e s t r a i n t .  
. Four-d imens iona l  o r  4 D  g u i d a n c e ,  a d d i n q  t i m e -  
r e f e r e n c e d  n a v i q a t i o n a l  capability t o  3D qu idance  
w i t h  e x t r e m e l y  h i g h  t i m e - p o s i t i o n i n q  a c c u r a c y .  
. Imperv ious  t o  a t m o s p h e r i c  c o r d i t i o n s .  
. N o n s a t u r a b l e  c a p a c i t y .  
. S e r v i c e  a v a i l a b i l i t y  t o  a l l  c l a s s e s  o f  a i r s p a c e  
u s e r s  on a wor ldwide  basis. 
. Sys tem o u t p u t s  c a p a b l e  o f  advanced  m u l t i f u n c t i a n  
c o c k p i t  d i s p l a y s ,  i n c l u d i n g  d i s p l a y  o f  n a v i g a t i o n a l  
and  t r a f f i c  s i t u a t i o n  i n f o r m a t i o n .  
. An o p e r a t i s n a l  i t e m ,  b u t  1 t h i n k  i n  some cases w e  
need  t o  come o n  a  d e c e n t r a l i z e d  IFR o p e r a t i o n .  
. Data  l i n k  c a p a b i l i t y  t o  t r a n s m i t  x-y-z c o o r d i n a t e s  
f o r  a u t o m a t i c  p o s i t i o n  r e p o r t i n g  ant? a i r - t o - a i r  
s e p a r a t i o n  a s s u r a n c e .  
. B e  c o s t - e f f e c t i v e  b a s e d  on  l i f e - c y c l e  cost a n a l y s e s ,  
w i t h  t h e  s y s t e m  d e s i g n  such  t h a t  it c a n  have v a r i o u s  
l e v e l s  of s o p h i s t i c a t i o n  and t h u s  w i l l  b e  a f f o r d a b l e  
t o  a l l  classes o f  a i r s p a c e  u s e r s .  
I would s a y  f rom t h e  f o r e g o i t  7 t h a t  I a m  g o i n g  t o  make 
f o u r  b road  a s s w n p t i o n s  t h a t  t h e  d e s i r e d  n a v i g a t i o n  and p o s i -  
t i o n i n g  r e q u i r e m e n t s  c a n  b e  m e t  most e f f e c t i v e l y  by a s a t e l l i t e -  
b a s e d  s y s t e m  a n d  t h a t  t h e  s a t e l l i t e - b a s e d  s y s t e m  m o s t  l i k e l y  
t o  ach ieve  t h e s e  requirement8 i n  a  real is t ic  t i m e  frame i s  
t h e  DOD NAVSTAR Global  Pos i t i on ing  System. 
I a g r e e  wi th  t h e  time frame t h a t  M r .  Mcfntosh men- 
t ioned.  The earl iest  w e  can expec t  it would be i n  t h e  mid- 
148 0 '  s or thereabouts .  Af t e r  NEL'JSTAR systems have been 
deployed and t h e  system i s  o p e r a t i o n a l ,  a s  we al.1 know, 10 t o  
1 5  y e a r s  is r equ i r ed ,  s o  we a r e  t a l k i n g  about mainta ining a  
c u r r e n t  system w e l l  i n t o  '.he 1990's. 
One o t h e r  t h i n g  t h a t  nae n o t  been t a lked  about very much 
is  t h a t  t h e  DOD under any c i rcumstances  would no t  deny use 
of  o r  degrade p r e c i s i o n  P s i g n a l  accuracy o f  t h e  GPS f o r  
c i v i l  a v i a t i o n .  My idea  of  say ing  t h a t  GPS is  t h e  most log i -  
c a l  c a n d i d a t e  i n  t h e  f u t u r e  to perform t h e s e  nav iga t ion  goa l s  
which I have enumerated i s  on t h e  b a s i s  o f  P s i g n a l  a v a i l a -  
b i l i t y .  I have grave doubts  about c o s t - e f f e c t i v e n e s s  f o r  
t r z n s i t i o n i n g  t o  GPS s i g n a l s  i f  w e  have t o  r e l y  on C/A s i g -  
nals .  That  is  my pe r sona l  opinion.  
F i n a l l y ,  no charges  must be l e v i e d  a g a i n s t  c i v i l  avia-  
t i o n  f o r  t h e  u s e  o f  GPS. 
I have gone i n t o  t h e  paper. Now, i n  conclusion,  h e l i -  
c o p t e r s  have become, and a r e  becoming more and more, a  v i t a l  
element i n  t h e  Nat ion ' s  t o t a l  a i r  t r a n s p o r t a t i o n  system. Gae 
t o  t h e  unique c h a r a c t e r i s t i c s  o f  h e l i c o p t e r s  and f u t u r e  
tTOL's, d i s c r e t e  r o u t e s  and approach procedures  a r e  needed 
i n  many i n s t a n c e s  t o  provide seg rega t ion  o f  t h i s  type of  a i r  
t r a f f i c  from CTOL t r a f f i c .  W e  a l l  know of t h e  San Diego acc i -  
den t ,  and t h e r e  c e r t a i n l y  is some ques t ion  on how t o  s eg rega t e  
d i f f e r e n t  performance c a t e g o r i e s  of  a i r c r a f t  i n  t h e  i n t e r e s t  
of s a f e t y .  W e  might want t o  cons ide r  t h i s  more and more. 
Area nav iga t ion  i s  a must f o r  succes s fu l  h e l i c o p t e r  IFR 
opera t ions .  Cur ren t  RNAV systems do no t  f u l l y  meet h e l i c o p t e r  
nav iga t ion  g o a l s ,  and GPS appears  t o  be t h e  most l o g i c a l  can- 
d i d a t e  f o r  a f u l l y  s a t i s f a c t o r y  h e l i c o p t e r  RNAV system. 
I f  c e r t a i n  problems of  GPS implementation whicQ I have 
mentioned can be worked o u t ,  GPS implementation by h e l i -  
c o p t e r s  may ve ry  w e l l  l ead  GPS implementation by o t h e r  seg- 
ments of c i v i l  a v i a t i o n .  
Victor  J. Kalme 
Senior  V i c e  P re s iden t  
A i r c r a f t  Owners and P i l o t s  Astsociation 
Responding t o  t h e  t e c h n i c a l  p re sen ta t ion@ a t  t h i a  #mi- 
nar ,  I would s a y  t h a t  vOR/DME very n i c e l y  f i l l s  t.he needs of 
the  major i ty  fif g e n e r a l  a v i a t i o n  users .  General  a v i a t i o n  i r  
a broad term and i n c l u d e s  bus iness  jets and most of t h e  h e l i -  
cop te r  opera t ions .  
W e  seo t h a t  a supplementary system might f i l l  needs t h a t  
c u r r e n t l y  a r e  n o t  f i l l e d  by VOR/DME, provided t h a t  it i e  a 
system t h a t  is  both f e a s i b l e  and p r a c t i c a l .  There are many 
genera l  a v i a t i o n  o p e r a t i o n s  a t  low a l t i t u d e s  where VOR cover- 
age i s  no t  ava i lab le - -no t  on ly  h e l i c o p t e r  o p e r a t i o n s ,  but a l s o  
o the r  o p e r a t i o n s  such as those  behind mountains, i n  remote 
a r eas ,  and i n  undeveloped a reao  where no VOR/DME coverage 
e x i s t s .  I t  is i n  t h e s e  a r e a s  t h a t  we have a c u r r e n t  naviga- 
t i o n  def ic iency .  
The g e n e r a l  a v i a t i o n  investment i n  VOR a v i o n i c s  is very 
l a r g e ,  and I d o n ' t  t h i n k  t h e r e  i s  going t o  be any g r e a t  
e n t h u s i a s t i c  r u s h  t o  d i s c a r d  t h i s  system ove rn igh t  by t h e  
people who a r e  p a r t  of  t h a t  investment.  A s  an example of 
t he  investlnent ,  AOPA r e c e n t l v  conducted a survey of  f.ts 216,000 
members and asked them ques t ions  on t h e  equipment t hey  have, 
t h e  p l anes  t h e y  f l y ,  and t h e i r  occupation.  The r e e u l t s  of t h e  
survey showed t h a t  t hey  owned a i r c r a f t  i n  whole, i n  p a r t  
through a p a r t n e r s h i p  o r  a c lub ,  o r  i n  some cases t h e r e  was 
m u l t i p l e  ownership of  one i n d i v i d u a l  i n  more than one a i rp l ane .  
We found AOPA members owned about 30,OfiO a i r c r a f t  wi th  s i n g l e  
o m i  i n s t a l l a t i o n s  and about 86,000 wi th  dua l  omni r ece ive r s .  
This  adds up t o  116,000 a i r c r a f t  wi th  VOR; and i f  you add t h e  
ones w i th  dua l  i n s t a l l a t i o n ,  t h i s  comes t o  over  202,000 omni 
r e c e i v e r s  j u s t  from o u r  members a lone ,  and t h a t  doesn ' t  count 
t h e  rest of  g e n e r a l  a v i a t i o n .  
I f  you p r i c e  t h e s e  u n i t s  a t  $1,000 each,  you have a i o t a 1  
investment o f  $202 mi l l i on .  To r e p l a c e  t h e s e  wi th  a low-cost, 
GPS u n i t  of  $2,500 would cost a t o t a l  of $811 mi l l i on .  
Wi th  regard t o  LORAN-C, gene ra l  a v i a t i o n  has no requi re -  
ment for t h i s  system o t h e r  than f o r  s p e c i a l i z e d  users ,  such 
a s  suppor t  o f  o i l  exp lo ra t ion .  
We have looked a t  GPE w i th  g r e a t  i n t e r e s t  beca ise of 
its a b i l i t y  t o  provide  worldwide coverage i n c l q  3ing a t  low 
a l t i t u d e e ,  over  oceanr ,  and i n  undeveloped a reas .  I n t e r -  
n a t i o n a l l y ,  it i s  i n  undeveloped a r e a s  where gene ra l  atria- 
t i o n  i s  provid ing  a l a r g e  v a r i e t y  of essential serv icee .  I n  
t h o s e  a r e a s ,  w e  murt now use dead reckoning as t h e r e  is very 
l i t t l e  i n  t h e  way of  nav iga t iona l  guidance. From GPS we 
would want p r e c i s i o n  comparable t o  t h a t  now requ i r ed  f o r  a 
nonprec i s ion  approach t o  an a i r p o r t .  
On t h e  Omega f r o n t ,  w e  see no i n d i c a t i o n  o f  a break- 
through i n  a v i o n i c s  which would make it s u i t a b l e  f o r  t h e  
g e n e r a l  a v i a t i o n  popula t ion ;  and on t h e  o t h e r  side of  t h e  
c o i n ,  we are o p t i m i s t i c  about GPS a v i o n i c s  being s u i t a b l e  
f o r  gene ra l  a v i a t i o n .  I f  GPS does come i n t o  a e r v i c e  f o r  
c i v i l  a v i a t i o n ,  it w i l l  be i n  a eupplementary role i n i t i a l l y ,  
and c e r t a i n l y  any change t o  nrake it t h e  major system must be 
evo lu t iona ry  i n  na ture .  W e  have the  same ccncern t h a t  
M r .  G i l b e r t  has  about  t h e  matter of someone i n  t h e  Pentagon 
pushing a r ed  bu t ton  and a l l  o f  our nav iga t ion  Goes o f f  t h e  
a i r .  
I c a n ' t  l e ave  t h e  s u b j e c t  wi thout  no t ing  with  some humor 
t h a t  our  o l d  f r i e n d s  t h e  economists have g o t t e n  i n t o  t h e  a c t .  
They were t a l k i n g  about  t h e i r  f a v o r i t e  s u b j e c t ,  u se r  chargeo 
f o r  GPS, and I haven ' t  q u i t e  f igured  o u t  how w e  a r e  going t o  
g e t  t h e  Russians t o  pay f o r  t h e i r  use of GPS, I hope t h e  
economists  s t a y  o u t  o f  t h e  p i c t u r e  and no t  f u r t h e r  muddy up 
t h e  water. 
F i n a l l y ,  g e n e r a l  a v i a t i o n  is  a g r e a t  u se r  of RNAV. W e  
support  it, and w e  have many thousands o f  sets i n  use i n  
g e n e r a l  a v i a t i o n  t h a t  go a l l  t h e  way from t h e  simple RNAV 
inexpensive type  t o  t h e  most soph i s t i ca t ed .  I agree  com- 
p l e t e l y  w i t h  what M r .  McIntosh s a i d  on t h e  RNAV sub jec t .  
We do n o t  want i t s  f l e x i b i l i t y  dest royed by c o n s t r a i n i n g  
t h e  RNAV u s e  t o  rou te s .  The a b i l i t y  t o  fo l low a course  is 
one t h i n g ,  b u t  t r y i n g  t o  c o n s t r a i n  RNAV t o  use  r o u t e s  is  j u s t  
complete ly  o u t  o f  t h e  p i c t u r e .  
We t h i n k  w e  have a common goal  on t h a t  one wi th  NBAA 
and o the r s .  
Donald W. Beach 
D i r e c t o r  o f  O p e r a t i o n s  
Na t iona l  P i l o t s  A s s o c i a t i o n  
We have h e a r d  a v a r i e t y  of e x p e r t s  a t  t h i s  seminar  pre-  
sent i n f o r m a t i o n  a s  t o  t h e  c u r r e n t  s t a t e - o f - t h e - a r t  i n  t h i s  
f i e l d .  T h e i r  presentations appeared  t o  p r o v i d e  more q u e s t i o n s  
t h a n  answers  as t o  t h e  g e n e r a l  a v i a t i o n  a p p l i c a t i o n .  
We are s t i l l  a l o n g  way from be ing  a b l e  t o  employ t h i s  
type of t echno logy  t o  meet t h e  needs  o f  t h a t  segment o f  t h e  
a v i a t i o n  i n d u s t r y  which i s  l o o s e l y  grouped t o g e t h e r  as gen- 
e r a l  a v i a t i o n ,  Genera l  a v i a t i o n  h a s  many p r e s s i n g  need e; 
b u t  i n  my e s t i m a t i o n ,  GPS i s  n o t  one o f  them. 
I do r e c o g n i z e  t h a t  2 p e c i a l  i n t e r e s t  groups--such as t h e  
h e l i c o p t e r  o p e r a t o r s  arid c e r t a i n  t r a n s o c e a n i c  f l i g h t s  of  bus i -  
ness and indust ry- -have  a need for such a n a v i g a t i o n  system, 
I n  my e s t i m a t i o n ,  t h e  monies a v a i l a b l e  f o r  n a v i g a t i o n a l  syaterns 
shou ld  be s p e n t  t o  upgrade t h e  c u r r e n t  system t o  a  second or 
p o s s i b l y  t h i r d  g e n e r a t i o n  system. Money should  a l s o  be spen t  
t o  upgrade o t h e r  e x i s t i n g  n a v i g a t i o n a l  c a p a b i l i  t i e s - - such  ao 
Omega. I f  t h e r e  i s  money l e f t ,  r e s e a r c h  shou ld  then  be con- 
t i n u e d  t o  t h e  c i v i l i a n  a p p l i c a t i o n  o f  t h e  NAVSTAR GPS program. 
I am glad t o  see t h a t  t h e  FAA and NASA have approached 
t h e  f u t u r e  n a v i g a t i o n a l  problems head on,  and t h e  f a c t  t h a t  
we are meet ing  i n  a s i t u a t i o n  l i k e  t h i s  i s  h e a r t e n i n g .  
I would l i k e  t o  c l o s e  by making j u s t  a  few s u g g e s t i o n s .  
The first is  t h a t  Congress spend i t s  time p u r s u i n g  are8.s i n  
which it hail some e x p e r t i  se - -poss ib ly  campaigning . The second 
is  t h a t  OMB and GAO shou ld  c o n c e n t r a t e  on t h e  GSA, n o t  GPS. 
I n  c ~ o s i n g ,  I l o o k  forward t o  r e s e a r c h  c o n t i n u i n g  i n t o  
a r e a s  such as  w e  a r e  d i s c u s s i n g  a t  t h i s  seminar  so t h a t  pos- 
s i b l y  by t h e  y e a r  2000 you w i l l  be i n  a p o s i t i o n  t o  t e l l  us  
how we w i l l  g e t  from p o i n t  A to  p o i n t  B. 
Frank C. White 
A i r  Tranrpor t  Associa t ion o f  America 
For t h e  forereeable f u t u r e ,  t h e  a i r l i n e r  a r e  s a t i s f i e d  
wi th  t h e  nav iga t ion  r e r v i c s  provided by t h e  ICAO worldwide 
r t anda rd  VOR/DME and ILS syritemr. We a n t i c i p a t e  t h e  o r d e r l y  
i n t r o d u c t i o n  o f  t h e  new ZC?',. !+US and t h e  phasing ou t  of U S  
when t imely  an  envis ioned 5y X?.C and s p e c i f i c  requirements.  
The a i r l i n e s  a r e  beginning to l e a r n  about Omega, which 
w e  were o b l i g a t e d  t o  p u t  i n t o  s e r v i c e  be fo re  t h e  system was 
t o t a l l y  developed a s  a r e s u l t  of  ou r  Government's d e s i r e  t o  
phase down LORAN-A e a r l y .  I n  s p i t e  of  t h a t ,  w e  have been 
a b l e  t o  i n t roduce  and use Omoga and be l i eve  t h a t  it w i l l  f u l -  
f i l l  ou r  overocean nav iga t ion  requirement,  t o g e t h e r  
wi th  doppler  and i n e r t i a l ,  f o r  many, many yea r s  t o  come. W e  
l i k e  Omega because it provides  worldwide coverage wi th  only  
e i g h t  s t a t i o n s  and a handful  o f  monitoring l o c a t i o n s .  There 
seems l i t t l e  p o t e n t i a l  f o r  t h e  c o s t  of main ta in ing  it t o  rise 
above the  va lue  of t h e  s e r v i c e  it provides.  Its accuracy 
appears  t o  be adequate  f o r  a t  least a decade. 
Summarizing, t h e  a i r l i n e s  a r e  no t  looking f o r  a worldwide- 
coverage,  h igh-prec i s ion ,  high-cost ,  e a r l y  replacement f o r  
VOR/DME/ILS/MLS and Omega. Having been shotgunned i n t o  
accep t ing  Omega, w e  are not  very p leased  wi th  t h e  apparent  
a c t i o n  of  some elements  of Government t.o phase o u t  a family 
of VOR/DME nav iga t ion  systems which w e  have found t o t a l l y  
accep tab le  i n  favor  o f  something they b e l i e v e  w i l l  be Setter 
f o r  us. 
We w i l l  - ~ n t i n u e  t o  s t a t e  p u b l i c l y  a t  every  oppor tun i ty  
t h a t  i s  o f f e r e d  t h e  desire o f  t h e  a i r l i n e s  t o  cont inue  vOR/DME, 
ILS and ElLS, and Omega i n t o  t h e  fo re seeab le  f u t u r e .  W e  w i l l  
con t inue  t o  advocate  t h e  over $100 m i l l i o n  expendi ture  t o  
update  and modernize t h e  U. S. VOR/DME system, which c e r t a i n l y  
i s  a f u l l y  j u s t i f i e d ,  c o s t - e f f e c t i v e  program. 
Havinu s t a t e d  a s  c l e a r l y  a s  p o s s i b l e  t h e  a i r l i n e  view 
wi th  regard t o  t h e  nav iga t ion  systems w e  now employ and t h e i r  
p o s s i b l e  replacement i n  t he  nex t  5 t o  7 yea r s ,  w e  have a word 
about  NAVSTAR/GPS. 
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Those of  you here  today who know t h e  a i r l i n e  i ndus t ry ,  
and I speak now of  FAA a s  t he  best-informed i n  t h e  Cavernment, 
and many others--manufacturers,  u n i v a r s i t i e s ,  r e sea rche r s ,  and 
o the r s - - a l l  of  you know t h a t  we w i l l  c a r e f u l l y  work with  you 
t o  i n v e s t i g a t e  t h e  p o s s i b l e  f u t u r e  p o t e n t i a l  of  GPS toward 
so lv ing  f u t u r e  a i r l i n e  nav iga t ion  requirements on a cos t -  
e f f e c t i v e  b a s i s .  
A s  J t  appears  a t  t h i s  t i m e ,  we would expect  t h a t  by t h e  
mid-19801s, NAVSTAR/GPS, if it cont inues  i n  development a s  
some f o r e c a s t ,  s h c ~ l d  be t o  a p o i n t  where enough w i l l  be 
known about  t h e  system, p a r t i c u l a r l y  reasonably pr iced  
r e c e i v e r s  f o r  t h e  masses of  U.S. c i v i l  a v i a t i o n  a i r c r a f t ,  t o  
determine if it has  any f u t u r e  a t  a l l  f o r  s e rv ing  t h e  requi re -  
ments f o r  t h e  over  100,000 a i rcraf t  which now use  VOR. We a l l  
know t h a t  a d e c i s i o n  t o  move toward the  p o s s i b l e  use of  NAVSTAR/ 
GPS f o r  s e rv ing  c i v i l  a v i a t i o n  w i l l  be determined p r imar i ly  by 
i t s  a b i l i t y  t o  s e r v e  gene ra l  a v i a t i o n  i n  t h e  United S ta ten .  
~t seems t o  m e ,  r ecogniz ing  t h a t  s i t u a t i o n ,  t h a t  the  a i r l i n e s  
w i l l  probably n o t  encourage o r  discourage t h e  developn~ant o f  
NAVSTAR/GPS b u t  w i l l  p a r t i c i p a t e  and be of  wha t c v e r  a s s i s t a n c e  
t h e y  can be toward ach iev ing  good answers f o r  c i v i l  a v i a t i o n  
u s e r s ,  p r i m a r i l y  gene ra l  a v i a t i o n ,  i n  t h e  next  5 years .  
The a i r l i n e r  have followrtd t h e  development of GPS f o r  
about 5 years ,  beginning from t h e  time i t s  advocates  t s a t i -  
f i e d  be fo re  Congress t h a t  it would so lve  tho  a i r  t r a f f i c  
c o n t r o l ,  l and ing  guidance,  co;l iuion avoidance, and many 
o t h e r  problernr of  c i v i l  av i a t i on .  The record shows, with- 
o u t  equ ivoca t ion ,  t h a t  t he  a i r l i n e s  a r e  always among the  
first  t o  look a t  and t r y  ou t  new technology. We a r e  
extremely i n t e r e s t e d  i n  looking a t  t he  p o t e n t i a l  of  s a t e l -  
l i t e  technology f o r  s a t i s f y i n g  worldwide communicatj.ans, 
nav iga t ion ,  and s u r v e i l l a n c e  requirements.  We are not  a t  a l l  
convinced, a t  t h i s  e a r l y  po in t  i n  i t s  development, t h a t  
NAVSTAR/GPS is  t h e  s i n g l e  optimum system t o  provide the  navi- 
ga t ion  p o r t i o n  of these se rv i ces .  I h e s i t a t e  t o  mention corn- 
munications and s u r v e i l l a n c e  s a t e l l i t e s  a s  having an e a r l i e r ,  
b r i g h t e r  f u t u r e  than nav iga t ion  s a t e l l i t e s  such as GPS, 
s i n c e  t h e  l a s t  t i m e  w e  d id  t h a t  a number of  governmont~  devel-  
oped a monster Aerosat  program t h a t  forced us t o  disown our- 
s e l v e s  from it as being t o o  much, t oo  e a r l y ,  something w e  
cou ldn ' t  a f fo rd .  
W e  have c a r e f u l l y  read t h e  economic s t u d i e s  tha t  have 
been produced by FAA c o n t r a c t o r r ,  p a r t i c u l a r l y  tha t  of  
System8 Cont ro l ,  Inc. (Vt .  ) (aEconomic Requiremento Analysis  
o f  C i v i l  A i r  Navigation A l t e r n a t i v e s ) ,  and f ind  they  are 
reasonable ,  m a t i r f a c t o r y  asrermmsntr o f  t h e  l i k e l y  c o s t  f o r  
i n t roduc ing  NAVSTAR/GPS i n t o  t h e  c i v i l  f l e e t .  Frankly,  theme 
d a t a  a r e  n o t  very encouraging. 
We a r e  r a t i s f i e d  wrth t h e  p r e s e n t  l e v e l  o f  FAA/NASA fund- 
i n g  f o r  developing low-cost r e c e i v e r s  f o r  c i v i l  a v i a t i o n  use 
of  NAVSTAR/GPS. We do not  b e l i e v e  t h a t  funding l e v e l  should 
h i nc reased  a t  t h i s  t i m e .  
Thank you f o r  t h e  oppor tun i ty  given t o  a r e p r e s e n t a t i v e  
of  t h e  scheduled a i r l i n e  i ndue t ry  f o r  p re sen t ing  t h e  views of 
t h a t  aegment of uuers .  
M r .  White - I f e e l  t h e  development o f  GPS r e c e i v e r s  is  
i n  good hande, and w e  look forward t o  r ea inq  how it mover 
ahead. It i r  i n t e r e s t i n g ,  though, t h a t  i n  our  va r ious  d i r -  
c u s r i o n r  w i t h  r e p r e r e n t a t i v e r  of  t he  manufacturers  and uni- 
v e r s i t i e s  and wi th  o t h e r  usera  involved i n  FAA's New 
Engineering and Development I n i t i a t i v e 8  e f f o r t ,  GPS h a r  not  
been brought tip f o r  d i scuss ion .  There i s  not t h a t  much 
i n t e r e r t  i n  GES a t  t h i s  time. We a r e  much mre i n t e r e a t e d  
i n  much more prlereing problems--and t h a t  is  t h e  way it is. 
DISCUSSION 
I f  GPS i r  r e a l l y  going t o  be s a t i s f a c t o r y  f o r  c i v i l  
a v i a t i o n ,  t h e  primary need is t o  develop a low-cost r ece ive r .  
Th i s  is  n o t  of pr imary concern t o  t h e  a i r l ines - -a l though  we 
l i k e  low-cost r e c e i v e r s ,  too--but i e  o f  course  a primary con- 
c e r n  t o  gene ra l  a v i a t i o n .  
I would l i k e  t o  add one o t h e r  th ing .  I have heard some 
Government r ep re scn ta tbvee  any t h a t  t h e  FAA is dominating 
t h i 6  and is  f o r c i n g  t h e  u s e r s  t o  t ake  t h e i r  s t a t e d  p o s i t i o n .  
I f  t h e r e  was anyth ing  t h a t  t h e  FA.?'. was doing t h a t  we d i d n ' t  
l i k e ,  w e  would s u r e  l e t  them know p r i v a t e l y ,  p u b l i c l y ,  and 
a t  every oppor tun i ty .  You w i l l  f i nd  t h a t  whatever was 
r t a t e d  h e r e  about  GPS i n  t h e  p a s t  a s  f a r  a s  I am aware ha8 
been a reasonable  r e f l e c t i o n  of my view. 
M r .  Mcfntorh - I have been th ink ing  about a l igh t - twin  
d e l i v e r y f l i g x e c e n t l y  i n  Afr ica  where t h e  p i l o t  had a l l  
t h e  navaids  t u rned  o f f  and t h e  only  t h i n g  t h a t  saved him was 
Omega. I t h i n k  t h e r e  i s  a l esson  t o  be l ea rned  from a l l  of 
t h i s .  I w a n  a l s o  reminiscing about having f i r s t  heard of 
t h i s  wonderful system when I was i n  t h e  s e r v i c e  over 20 y e a r s  
ago. So, i f  t h a t  i s  i n d i c a t i v e  of any t ime frame, many of  
us  on t h i s  pane l  w i l l  be long r e t i r e d  as t h i s  b a t t l e  i s  u l t i -  
mately fought  o u t .  
I would a l s o  l i k e  t o  p o i n t  o u t  t h e  i n e r t i a  of ou r  sys- 
tem. Even those of  US who work i n  t h e  i n d u s t r y  a r e  amazed 
a t  t h e  amount of t r a f f i c  t h a t  i s  moved i n  t h e  a i r s p a c e ,  and 
it took a long  t i m e  be fo re  I was convinced t h a t  when you make 
a smal l  change i n  S e a t t l e ,  t h e r e  i s  a r i p p l e  e f f e c t  r i g h t  
back i n  LaGuardia. W e  u s u a l l y  t a l k  about  ICAO and i n t e r -  
n a t i o n a l  requi rements  a s  w e l l  a s  o t h e r  requirements.  You are 
d e a l i n g  wi th  one h e l l  o f  a b ig  s t eamro l l e r  when you start mak- 
i n g  changes. And w e  have some major changes a l r e a d y  i n  the  
- 
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warkr.  We a r e  go ing  to  MLS technology.  Genera l  a v i a t i o n  
continuem t o  grow. Mow h i g h  i t  can  grow I have no i d e a ,  b u t  
t h e y  a r e  t u r n i n g  a i r p l a n e s  o u t  i n  Wichi ta  1 4 k s  they  a r e  going 
o u t  of  s t y l e .  
You s imply  a r e  going t o  have t o  g e t  more peop le  who a r e  
concorned w i t h  d e s i g n i n g  t h e  mathod and ,ne means by which 
t h e s e  a i r p l a n e r  g o t  from p l a c e  t o  p l a c e .  
I know you a r e  t i r e d  o f  h e a r i n g  t h e  term RNAV; b u t  t h e  
day8  of t h e  b l u e  and t h e  g reen  a r e ,  f o r  a l l  p r a c t i c a l  pur-  
p o s e s ,  done ,  and t h e  sooner  w e  a l l  r e c o g n i z e  it, t h e  better 
o f f  we a r e  go ing  t o  be. The p o i n t  now is going tc  have to  
be r e p a r a t i o n  a s r u r a n c e ,  s o  t h a t  two p e o p l e  c a n  go i n  t h e  
same d i r e c t i o n  and f l y  a t  a reasonab ly  s a f e  d i s t a n c e  a p a r t .  
T t  may well be t h a t  GPS can  h e l p  u s  w i t h  t h a t .  I d o n t t  know, 
b u t  t h e  p o i n t  i s  we can no l o n g e r  a f f o r d  f i v e ,  s i x ,  or t e n  
d i f f e r e n t  sys tems.  So, i f  some o f  u s  do  n o t  wax p a r t i c u l a r l y  
e n t h u s i a s t i c  a b o u t  t h e  GPS, t h e  f a c t  t h a t  w e  a r e  t r y i n g  t o  
make it w o r k  f o r  t h e  i , b ~ r s i t y  o f  a v i a t i o n  i n  t h e  l a r g e s t  and 
t h e  s a f e s t  a i r  t r a f f i c  c o n t m l  sys tem i n  t h e  W O J . ? ~  is  a  c h a l -  
l e n g e ;  and  it is  a p r i v i l e g e  to  be a  p a r t  o f  it, 
M r .  G i lbe r t  - My first  inipress3on i s  t h a t  t h i s  p a n e l  
r e p r e s e n t s  a  good c r o s s - s e c t i o n  o f  t h e  u s e r  communityt s 
views on GPS. These views range on a s c a l e  o f  z e r o  t o  t e n ,  
w i t h  AflA b e i n g  number one: mysel f ,  number n ine :  and t h e  o t h e r s ,  
i n  between. I t h i n k  it i s  a  h e a l t h y  s i g n  t h a t  t h e  i n d u s t r y  
 ha^ d i f f e r e n t  c r i t e r i a  and r e a s o n s  f o r  d e t e r m i n i n g  n a v i g a t i o n a l  
r equ i rements .  
When I speak i n  t h e  more o r  less o p t i m i s t i c  t o n e  about  
t h e  f u t u r e  o f  t h e  GPS--and I use  GPS because t h a t  i s  t h e  o n l y  
satell i te sys tem we have a t  t h e  moment t h a t  seems to  be r e a -  
sonab ly  f a r  enough a l o n g  t o  use  f o r  some o f  t h e  t h i n g s  I have 
i n  mind--1 a m  n o t  t h i n k i n g  o f  do ing  t h i s  tomorrow, and I know 
t h e  s y ~ t e m  i s  n o t  go ing  to  be i n  p l a c e  tomorrow. But,  I t h i n k  
i n  t h e  a v i a t i o n  i n d u s t r y  w e  have t r a d i t i o n a l l y  had t o  have it 
w a i t i n g  for  some crisis o r  c a t a s t r o p h e  to  o c c u r  or some great 
b i n d  t o  t a k e  p l a c e ;  and a l l  of a sudden somebody s a y s  w e  ought  
t o  do something a b o u t  it. So, when I am o u t l i n i n g  t h e  a p p l i -  
c a t i o n s  t o  be used for  GPS, it i s  f o r  t h e  purpose  of i ts  be ing  
i n  p l a c e  some t i m e  i n  t h e  f u t u r e  when w e  need it itnd can u s e  
it more e f f e c t i v e l y - - p e r h a p s  on  a b r o a d e r  s c a l e  th roughou t  
t h e  i n d u s t r y  t h a t  might  n o t  be  a p p a r e n t  t o  u s  now. 
I n  t h e  meantime, n o t w i t h r t a n d i n g  M r .  Whi te ' s  remarks,  I 
s t i l l  m a i n t a i n  c o n f i d e n c e  t h a t  GPS h a r  a  good f u t u r e .  
M r .  Whits - I t b l n k  it might be h e l p f u l  to relate a 
l i t t l e  h i s t o r y  a b o u t  :ha development and implementa t ion  of  
LORAN-A d u r i n g  World War 11 a s  w e  may l e a r n  from it. I war 
on t h e  s t a f f  of t h e  Chief  o f  Naval O p e r a t i o n e  and worked 
w i t h  M r .  Pau l  Goldsborough (who i s  now d e c a a r o d ) ,  who gave ua 
t h i s  v e r y  f i n e  n a v i g a t i o n  sys tem t h a t  i s  s t i l l  s u r v i v i n g .  
A s  t h e  war was coming to  a n  end,  my o f f i c e  began to  look a t  
what to  do w i t h  t h e  sys tems which had been developed dur ing  
t h e  war. We t r i e d  to  e n v i s i o n  t h e i r  i n t r o d u c t i o n  and accep t -  
ance i n t o  c i v i l  use .  B o t h  M r .  Goldsborough and I f e l t  t h a t  i f  
LORAN-A was o p e r a t e d  by t h e  Navy, it would n o t  be accep ted  
by c i v i l  a v i a t i o n .  So w e  c a m  up w i t h  t h e  i d e a  o f  having 
t h e  C o a s t  Guard be t h e  o p e r a t i n g  agency. W e  had a  tough 
time s e l l i n g  t h a t  i d e a ,  b u t  w e  d i d ;  and it is  obv ious  t h a t  
w e  d i d  t h e  r l g h t  t h i n g .  
Now, I t h i n k  it would be ex t remely  d i f f i c u l t  t o  success -  
f u l l y  conv ince  ICAO t h a t  GPS i s  a  p r o p e r  sys tem for ICAO to  
endorse .  One of t h e  t h i n g s  I f i n d  p a r t i c u l a r l y  embar rass ing  
is t h e  role o f  t h o s e  s a t e l l i t e s  s i n c e ,  as  a lmos t  everyone knows, 
t h e r e  a r e  o t h e r  t h i n g s  i n  t h e s e  s a t e l l i t e s  b e s i d e s  GPS. The 
United S t a t e s  h a s  U ? C  v o t e  i n  ICAO. Many n a t i o n s  da n o t  t h i n k  
w e  a r e  t h e  "Grea t  White Fa the r . "  I n  f a c t ,  t h e y  t h i n k  wo a r e  
t h e  ogre. I J e  dominate  too many t h i n g s  i n  t h e  world.  
My p e r s o n a l  view i e  t h a t  long  b e f o r e  t h e  Uni ted  S t a t e s  
c o n s i e e r s  i n t r o d u c i n g  GPS f o r  p o s s i b l e  c i v i l  u s e ,  we w i l l  
have t o  d i v o r c e  t h e  t o t a l  GPS program from t h e  m i l i t a r y .  
Otherwise ,  we w i l l  l i k e l y  f i n d  it a b s o l u t e l y  unaccep tab le .  
M r .  Peter S.P. Hui, NASA/Goddard Space F l i  ht Center  - 
M r .  Whit e ,  do  you c o n s i d e r  t h e  c u r r e n t  p o l a r  ---I nav g a t i o n  s e r v -  
ice adequa te  for  t h e  a i r l i n e s ?  
M r .  White - I b e l i e v e  I can  s a y  y e s ,  unequ ivoca l ly .  Tra f -  
f i c  d e n s i t y  a t  t h e   pole^ i s  ex t remely  l o w .  There i s  p r a c t i -  
c a l l y  no  t r a f f i c  a c r o s s  t h e  South P o l e ,  and a c r o s s  t h e  North 
P o l e  it is  e x t r e m e l y  l i g h t .  The I N S ,  t h e  Doppler ,  and Omega 
c u r r e n t l y  do  a good job ,  and t o  my knowledge we a r e  n o t  expe- 
r i e n c i n g  any problems. 
Mr. W. W. B a i l e y ,  U.S. General  Accounting O f f i c e  - I 
would l i k e  t o  comment f i r a t  t h a t  GAO d o e r  n o t  work f o r  O W .  
We work f o r  t h e  Consreas ,  and a l l  o f  o u r  r a p o r t r  go t o  
Conqrarr ,  i n c l u d i n g  t h e  one  mentioned by M r .  McIntorh. Alno. 
on  f r e q u e n t  o c c a r i o n r ,  w e  rend c o p i e s  t o  t h o  a f f e c t e d  agenc ies .  
I would a l s o  l i k e  t o  make a r h o r t  connant  on WRlilJ-A and 
the t r a n ~ f e r r i n q  frcm a m i l i t a r y  t o  a  c i v i l  ryatem. I t h i n k  
i t  i n  p robab ly  t r u e  t h a t  v i r t u a l l y  e v e r y  n a v i g a t i o n  syatnr? 
i n  u ~ e  today  b e j a n  a s  a  m i l i t a r y  rystem. ?t is j n t a r n s t i n g  
t o  n o t e ,  however, t h a t  a 8  of t h i r  y e a r  t h e r o  are appraxirnatc.tly 
4,000 u r c r r  o f  T r a n r i t ,  which i s  r t i l l  a  Nnvty :%yatem, of which 
I am t o l d  80 p e r c e n t  a r e  non-Gover~ment u s e r s .  
Ohvic.t~:?lly T r m s i t  i s  !.at hu* t a b l e  F o r  nv,;, t4cn, so t h e m  
a re  a11  maritimt? ulrerr,  b u t  t h a t  1.s f ; t r l Z  a  p r r t t y  imprerarvc. 
r~umbc. r . 
D r .  B. W. Park inson  Colorado S t a t e  U n i v e r s i t  - I would 
l i k e  t o  sumnar ise  r n y T & i i T i i t h e = d  . . r a t ,  I t h i n k  
GPS i s coming--the Department o f  Dafenes by and l a r s e  has  
endorse6  i t  and f e e l s  t h a t  i t  i s  an a b s o l u t e l y  n e c e s s a r y  th ing .  
SO t h a t  p a r t  i s  a lmos t  a  f a c t  of l i f e .  
I t h i n k ,  a l s o ,  i n  l i s t e n i n g  t o  var!oua peop le  t h a t  t h e r e  
a r e  genuine  c i v i l  n e e d s .  They a r e  n o t  u n i v e r s a l  c i v i l  need8 
and c e r t a i n l y  n o t  u n i v e r s a l  needs  now a t  t h e  p r o j e c t e d  coat-- 
which i s  p r o b a b l y  o p t i m i s t i c  f o r  today and p e r h a p s  somewhat 
p e s s i m i s t i c  f o r  1990. 
1 contend t h a t  t h e  o v e r a l l  r e s p o n s i b i l i t y  on us i s  t o  
a l l o w  t h e  sys tem t o  bc c e r t i f i e d  and l e t  t h o  w3ers v o t e  w i t h  
t h e i r  b i l l f o l d s  on whether  t h e y  i n d i v i d u a l l y  f e e l  t h a t  t h o  
u s e r  equipment c o s t s  j u s t i f y  i t s  p o t e n t i a l  une. 
I a l s o  have a few c h a l l e n g e s  t h a t  I would l i k e  t o  o f f o r .  
F i r s t ,  S would l i k e  t h e  Department o f  Defense t o  p rov ide  t h e  
P c h a n n e l  t~ a l l  u s e r s .  I t h i n k  t h i s  is a l o g i c a l  and 
r a t i o n a l  approach  to  what should  be  done. 
1 t h i n k  t h e  s t a f f  o f  NASA is  e x a c t l y  r i g h t  i n  e x p l o r i n g  
some p o s s i b l y  w i l d  schemes because  I t h i n k  t h e i r  whole pur-  
p o s e  i s  t o  push t h e  f r o n t i e r s  of technology and see where they  
lead us. There  a r e  g r e a t  p o t e n t i a l s  t h e r e .  
I th ink  FAA rhould agree  t o  c e r t i f y  GPS, arsuming t h a t  
GPS wetr whatever c o n r t r a i n t s  t h e y  have a8 an RNAV ryetem. 
Furthermore, I t h i n k  t h e y  rhould ask  t h e  Congresr t o  provide 
a d d i t i o n a l  d o l l a r r  t o  underwri te  low-cost equipnent  develop- 
m e n t ~ ,  p a r t i c u l a r l y  i n  t h o s e  key developments o f  LSI t ech-  
nology t h a t  make renre .  
I t h i n k  t h e  burden o f  proof i s  r e a l l y  on t h e  manufac- 
t u r e r s ,  becaura i f  t h i s  i r  going t o  come t o  p a s s  as  n uni- 
v e r e a l l y  used c i v i l  i a n  syrtem, t h e  manufacturer  has  t o  provide 
the  low-cost equipntent t o  rrupport t h a t .  
I t h i n k  GAO should support  a prudent approach, and I am 
not c s r t - a i n  t hey  a r e  no t .  I t h i n k  we a r e  a l l  perce iv ing  
thing8 a l i t t l e  d i f f e r e n t l y  here  today; b u t  I t h i n k  t h e  GAO 
i s  s imply saying,  'Look, i t ' s  coming, it o f f e r s  g r e a t  poten- 
t i a l ,  i t  i s  unproven, b u t  l e t ' s  g ive  it a t r y .  I t h i n k  t h a t  
ie a v e r y  reasonable  approach. Pe r sona l ly ,  I t h i n k  it i s  
s t i l l  unproven, and I have a l o t  o f  my l i f e  t i e d  up i n  :he 
ayetern, 
Xlastly, I th ink  t h e  cha l lenge  t h a t  I o f f e r  t o  t h e  u s e r s  
is  t o  kesp an open mind. GPS is n o t  something t h a t  should 
be crammed down o u r  t hxoa t s .  I t h i n k  c e r t a i n  u s e r s ,  and even 
c e r t a i n  segments w i th in  each of  t h e  o rgan iza t ions  t h a t  are 
represen ted  he re ,  f e e l  t h e r e  a r e  genuine uses  f o r  GPS. I n  
some cases, u s e r s  would pay $100,000 i f  t h e y  could have a set 
t h a t  provided them wi th  a GPS c a p a b i l i t y ,  whereas o t h e r  u s e r s  
would n o t  pay $100 today f o r  GPS. But I th ink  t h e  oppor tun i ty  
is  coming, and I t h i n k  it i e  incumbent upon a l l  o f  us t o  
simply t a k e  advantage o f  it and t o  e x p l o i t  it f o r  t h e  c i v i l i a n  
community i f  w e  can. 
M r .  McIn: 9sh - You w i l l  r e c a l l  o u r  long  n e g o t i a t i o n s  
with the Navy over t h e  use  of  VLF f o r  n a v i g a t i o n a l  purposes. 
It came i n t o  u se  on ly  after  t h e  Navy gran ted  c e r t a i n  assur -  
ances, b u t  then  it was i n t e g r a t e d  i n  most boxes wi th  Omega-- 
i n  a d u a l  box. P i l o t s  don ' t  know whether t h e i r  equipment is 
monitoring a VLF s t a t i o n  o r  an Omega system. This  equipment 
i s  now c e r t i f i e d  f o r  c e r t a i n  t y p e s  of ope ra t ions ,  bu t  it would 
never have been c e r t i f i e d  f o r  Minimum Navigation Performance 
Standards  a c r o s s  t h e  A t l a n t i c  i f  it had n o t  been f o r  t h e  a v a i l -  
a b i l i t y  of Omega. I a g r e e  wi th  P ro fe s so r  Parkinson t h a t  any- 
th ing t h a t  could be made a v a i l a b l e  should be made a v a i l a b l e  
for t ho re  who need it on an op t iona l  b a s i s ,  much t h e  way VLF 
war used i n  t h e  first place.  
M r .  Bui e - I would l i k e  t o  make one comment on 
D r .  Par +noon 8 c o m n t .  The FAA ha8 p u b l i c l y  s t a t e d  i n  
any number o f  forumr, and I w i l l  r epea t  it hare  today, t h a t  
wi th  regard t o  GPS, i f  a p i ece  of equipment can be c e r t i f i e d  
t o  meat t h e  s p e c i f i c  nav iga t ion  requirements,  we w i l l  c e r t i f y  
it and t h e  u s e r  w i l l  be a b l e  t o  use  it. There is  no ques t ion  
about  t h a t .  
A P a r t i c i p a n t  - M r .  White, r e l a t i v e  t o  your f e e l i n g  t h a t  
ICAO would be r e l u c t a n t  t o  cons ider  t h e  new GPS system, do you 
f e e l  t h a t  it would be  considered i f  t h e  system were designed 
t o  complement t h e  VORTAC system a s  opposed t o  competing aga ins t  
it? O r  do you f e e l  t h a t  t h e  approach i s  n o t  t h e  i s s u e ?  The 
thought  he re  is, nav iga t ing  t o  VOR f a c i l i t i e s ,  a f a c i l i t y  doesn ' t  
r e a l l y  care how I gat t h e r e  a s  long a s  I g e t  t he re .  I f  I 
r e c e i v e  s i g n a l s  from some o t h e r  source  t h a t  g e t s  m e  t h e r e ,  I 
am s t i l l  o p e r a t i n g  wi th in  t h e  system and t h e  airway. I t  is  
a ques t ion  o f  whether o r  n o t  t h e  ICAO people would be l i eve  
t h e  system would a l l o w  m e  t o  ope ra t e  wi th in  t h e  airway. 
M r .  White - I am s a t i s f i e d  wi th  VOR/DllE. I don ' t  want 
GPS or any o t h e r  system i n  t h o  domestic United S t a t e s  u n l e s s  
it i 8  obvious ly  a b e t t e r ,  lower c o s t  way o f  doing t h e  job. 
A s  I unders tand  i t ,  t h e  Government i s  c u r r e n t l y  looking 
f o r  a r educ t ion  i n  t h e  number o f  f a c i l i t i e s .  Therefore ,  i f ,  
f o r  example, I endorse  GPS a s  a b e t t e r  domestic s o l u t i o n ,  I 
would expec t  i n  t i m e  t o  have VOR/DME phased out--and t h a t  is 
a l ong  way of f .  
M r .  Ka n e  - ICAO i s  n o t  an enforcement aqency. Col lec-  +t i v e l y ,  t e 3 c o n t r a c t i n g  S t a t e s  o f  ICAO e s t a b l i s h  Standards  
and Recommended Practices, and t h e  S t a t e s  implement t hose  o r  
adhere  t o  them a s  t h e  c a s e  may be. 
Talking about  f l y i n g  down t h e  c e n t e r l i n e  of  an airway, 
you can be c l e a r e d  from he re  t o  t h e r e  wi th  c e r t a i n  equipment 
on board,  and no th ing  prevents  you from using any o r  a l l  of 
t h a t  equipment t o  f l y  t h a t  c e n t e r l i n e  t o  where a i r  t r a f f i c  
c o n t r o l  has  c l e a r e d  you. 
I n  t h e  Uni ted  S t a t e s ,  t h e  m i l i t a r y  have  been f l y i n g  
c e r t a i n  a i r w a y s  and jet r o u t e s ,  where t h e y  e x i s t ,  for  many 
y e a r s  now; and t h e y  a r e n ' t  n e c e s s a r i l y  u s i n g  t h e  same equip-  
ment t h a t  o t h e r  p e o p l e  a r e  us ing .  But t h e y  n a v i g a t e  j u s t  
l i k e  everyone else r i g h t  down t h e  c e n t e r l i n e ,  make p o s i t i o n  
r e p o r t s ,  and e v e r y t h i n g  else. I n  i n t e r n a t i o n a l  a i r s p a c e ,  
you c a n  be i n  a mix of t r a f f i c  u s i n g  two or t h r e e  d i f f e r e n t  
n a v i g a t i o n a l  sys tems.  Nothing says you have  t o  u s e  one  sys-  
tem t o  fo l low t h a t  a i rway.  
M r .  Bui e - We s h o u l d  p o i n t  o u t  t h a t  you can  a c t u a l l y  +f l y  t e a rways w i t h  no  n a v i g a t i o n  system a t  a l l .  You can 
g e t  a r a d a r  v e c t o r  c l e a r a n c e .  I t  is  p r e t t y  h a r d ,  b u t  e v e r y  
once i n  a  w h i l e  t h e y  w i l l  do  it. 
M r .  G i l b e r t  - I would l i k e  t o  expanti on t h e  remarks 
made by P r o f e s s o r  Pa rk inson  w i t h  r e g a r d  t o  t h e  GPS/RNAV 
system. 
I f  t h e  c o n s t e l l a t i o n  o f  24 s a t e l l i t e s  i s  p u t  i n  p l a c e  
by t h e  DOD and t h e  m a n u f a c t u r e r s  come o u t  w i t h  an  a c c e p t a b l y  
packaged GPS/RNAV sys tem f o r  a i r c r a f t ,  and i f  t h e  FAA goes 
forward  and r u n s  th rough  t h e  r o u t i n e  n e c e s s a r y  to  conform 
GPS/RNAV sys tem t o  a C-90-45A f o r  a l l  t h r e e  modes i n  t h e  ter- 
minal  a r e a  and approach ,  I would b e l i e v e  i n  my own mind t h a t  
t h e  h e l i c o p t e r  i n d u s t r y  would s t a r t  i n  s e l e c t e d  c a s e s  t o  p u t  
t h i s  equipment on board  a i r c r a f t  as soon a s  t h e  t o t a l  system 
is  i n  place--and t h a t  v e r y  w e l l  c o u l d  be i n  t h e  l a t e  1980'9. 
M r .  R. A l f r e d  Whi t inq ,  N a t i o n a l  Research  Counci l  - You 
must b e  w e l l  aware  t h a t  P r o p o s i t i o n  1 3  f e v e r  is a t  hand; and 
i n  t h e  days  and y e a r s  t o  coke, t h e  t a x p a y e r  i s  g o i n g  t o  be 
l o o k i n g  more c l o s e l y  a t  what he gets f o r  h i s  money. H e  does 
g e t  some s e r v i c e s  from n a v i g a t i o n a l  a i d s  when he f l ies  on 
a i r l i n e s  and i n  g e n e r a l  a v i a t i o n  o r  when h e  i s  a r e c i p i e n t  
of some s e r v i c e  ( such  a s  f r e i g h t  o r  o t h e r  s e r v i c e s )  t h a t  t h e  
a v i a t i o n  community p r o v i d e s .  
H e  is  s t i l l  g o i n g  t o  a s k ,  What am I g e t t i n g  for my 
money? I t h i n k  i n  t h e  n e x t  10  y e a r s  o r  so t h e r e  i s  go ing  to  
be a s e r i o u s  q u e s t i o n  o f  how many systems w e  a r e  go ing  t o  
have and a t  what  c o s t .  Can t h e  GPS p r o v i d e  t h i s  a t  lower 
cost? And i f  s o ,  you c a n  rest a s s u r e d  t h a t  you w i l l  get t h a t  
system. 
I t h i n k  w e  ought t o  cons ider ,  a l s o ,  t h a t  w e  a r e  t a l k -  
i n g  about a GPS system and not n e c e r r a r i l y  % GPS rystem. 
It may bo a.at  some p r i v a t e  company may ree a l u c r a t i v e  
p o s r i b i l i t y  he re  and may launch t h e  system on i t s  own i n s t e a d  
of a COMSAT or NAVSAT. 
I haven ' t  heard said a t  ;hi.: seminar t h a t  t h e  P s i g n ~ l  
is r e a l l y  necersary .  But  i f  I .  , necessary  f o r  genera l  
a v i a t i o n ,  I t h i n k  t h e r e  i s  p c o b a b ~ y  no reason why w e  won't 
g e t  it. 
Mention was made of  t h e  use o f  Omega, LORAN, and s o  on. 
These s e r v i c e s  r e q u i r e  t h e  use  of  a hos t  count ry ,  and you 
know what happens when t h e  hos t  count ry  d e c i d e s  t o  deny us 
t h a t  a v a i l a b i l i t y .  
I would l i k e  a l s o  t o  say t o  M r .  Kayne t h a t  I was a 
l i t t l e  d i sappo in t ed  i n  h i s  s ta tement  about t h e  c o s t  of VOR 
sets because he neg lec t ed  t o  t a k e  i n t o  account t h e  c o s t  of 
t h e  DME, t h e  RNAV, etc. 
Mr, Poberezny and M r .  Baker r e c e n t l y  agreed t o  work 
t o g e t h e r  t o  b r i n g  down t h e  genera l  a v i a t i o n  c o s t s  of f l y i n g  
to  t h e  p u b l i c ,  and I t h i n k  what M r .  Kayne s a i d  is  incon- 
s i s t e n t  w i t h  t h a t .  
M r .  K a  e - I was us ing ,  first, t h e  investments  t h a t  
genera  7 7 %  a v  a t l o n  has  i n  omni nav iga t iona l  equipment. I 
d i d n ' t  throw i n  t h e  f i g u r e s  f o r  DME, ADF, RNAV equipment, 
or anything else w e  might have because I don ' t  t h i n k  from 
what I have heard about  t h e  way t h e  m i l i t a r y  i s  heading,  f o r  
example, t h a t  w e  would be s o  o p t i m i s t i c  t o  t h i n k  t h a t  w e  a r e  
going t o  g e t  something o u t  o f  t h i s  s o  a c c u r a t e  t h a t  we could 
throw a l l  t h e  rest of  t h e  equipment away. 
I a l s o  s a i d  a s  f a r  as we a r e  concerned, it looked l i k e  
t h e  accuracy o f  GPS w i l l  be something i n  t h e  o r d e r  of what 
w e  need for a nonprec i s ion  approach. For p r e c i s i o n  approaches,  
w e  would need whatever t h e  system happened t o  be f o r  p r e c i s i o n  
approaches-OILS, MLS, and ISMLS. 
With regard  t o  ADF and N D B ' s ,  which have been wi th  us 
p r a c t i c a l l y  s i n c e  a v i a t i o n  s t a r t e d  f l y i n g  a c r o s s  count ry ,  I 
d o n ' t  t h i n k  you w i l l  eve r  g e t  t h a t  one o u t  of  t h e  p ic ture - -  
i n t e r n a t i o n a l l y .  I t  is  a simple,  low-cost dev ice  f o r  t h e  a i r -  
p l ane ,  and you can  o p e r a t e  a g a i n s t  a v a r i e t y  of  ground sources .  
The NDR p rov ides  n o t  on ly  f o r  a v i a t i o n ,  bu t  a l s o  t h e  marine 
and broadcaut u t a t i o n s .  I guess t h e  ADF probably g e t s  more 
uee around t h e  world than any o t h e r  p i ece  of  nav iga t ion  
equipment, and I c a n ' t  even foreeae  i f  they come up with  t he  
GPS and we g e t  t h e  so -ca l l ed  wlow-coutn p i ece  o f  equipment 
t h a t  it would r e p l a c e  something l i k e  t h e  ADF i n  t h e  a i rp l ane .  
I th ink  t h a t  is going t o  be w i t h  u s  f o r  a long t ime ,  
I d i d n ' t  over look t h e s e  o t h e r  c o s t s ,  but  I l e f t  them 
out.  I wae j u s t  t r y i n g  t o  d e a l  wi th  replacement of  t h e  VOR/ 
DME w i t h  NAVSTAR, and I j u s t  s t uck  t o  t h e  VOR end of  it 
because t h e  bulk  o f  t h e  gene ra l  a v i a t i o n  a i r p l a n e s  depend 
ju s t  upon VOR. They d o n ' t  have DME i n  them. 
M r .  McJntosh - I t h i n k  DME i n  one form o r  another  i s  
going t o  have t o  be w i t h  us  because I can j u s t  see a con t ro l -  
ler t e l l i n g  you w i t h  t h e  GPS, You hold on a 320-degree r a d i a l ,  
20 miles e a s t  o f  s o  and so.  Without t h i s  equipment, what is  
the  p i l o t  supposed t o  do? 
I assume t h a t  it h a s  been po in ted  o u t  a t  t h i s  seminar 
t h a t  t h e  c u r r e n t  ATC computers a l l  d e a l  l n  l a t i t u d e / l o n g i t u d e ,  
and w e  have t h e  anachronism of  having ou r  RNAV today i n  Rho- 
Theta, bea r ing  i n  mind t h a t  t h e  computer has  t o  change i n t o  
a language it can  compute with and pu t  it back i n  terms t h a t  
the  p i l o t  can unders tand on h i s  equipment. 
W e  have t o  t a k e  a look a t  ATC, t h e  environment t h a t  we 
a r e  go ing  t o  be o p e r a t i n g  i n ,  t h e  terminology,  t h e  c o n t r o l l e r ,  
t he  p i l o t ,  and t h e  i n s t r ~ u n e n t a t i o n  he i s  going t o  have t o  
use. 
These a r e  n o t  insurmountable prohlems--I a p p r e c i a t e  
that--but  it i s  something t h a t  your marker beacon w i l l  always 
be i n  t h e r e  wi th  some d e s c r i p t i o n .  You have t o  have some 
idea where you are from t h e  end of conc re t e ,  and I th ink  DME 
is going t o  be a n  i n t e g r a l  p a r t  o f  whatever nav iga t ion  system 
you have. It might n o t  be c a l l e d  DNE. 
A P a r t i c i p a n t  - There seems t o  be some d i scucs ion  and 
confusion about t h i s  bus ines s  about  t h e  i n t e r f a c e  of  t h e  GPS 
r e c e i v e r  wi th  t h e  a i rc rew.  
I guess  from t h e  p o i n t  o f  view o f  some o f  us  who manu- 
f a c t u r e  t h e  so f tware  t h a t  d r i v e s  t hose  i n t e r f a c e s ,  w e  would 
l i k e  a coheren t  s t a t emen t  of  e x a c t l y  what s o r t  o f  i n t e r f a c e  
is wanted. It  would be pe rn i c ious  f o r  somebody t o  go ahead 
and des ign  t h a t  s o r t  o f  sof tware  and pu t  o u t  l a t i t u d e /  
l ~ n g i t u d e  i n d i c a t i o n s  i f  t h a t  i s  no t  what t h e  p i l o t s  a r e  
going t o  use.  I d o n ' t  t h ink  this i s  a b i g  prob1,em provided 
those  o f  u s  who are n o t  nonnal members of  the c i v i l  a v i a t i o n  
community understand e x a c t l y  what i s  wanted when t h e  t h e  
comes. Th i s  i e  not a t e c h n i c a l  problem. 
M r .  Edmunds - I agree  wi th  you t h a t  t h e  i n t e r f a c e  i s  
no t  r m a h n i c a l  problem. That i s  no t  what w e  a r e  
r e a l l y  looking i n t o  now. I th ink  t h e  Omega s y s t e n  works 
p r e t t y  w e l l  usinr  t h e  Lnput and t h e  i n t e r f a c e  t h a t  it has, 
and it could be ve ry  e a s ~ l y  adapted i n  t h e  GPS when t h e  time 
comes. 
M r .  Whjte - The b igges t  problem w e  have with  i n e r t i a l  
and Geya today i s  p i l o t  en t ry .  The word t h e  mathematicians 
u se  i n  d e f i n i n g  it i s  nblunder ."  
I c a n ' t  respond t o  t h e  ques t ion  about what I want. I 
know t h a t  w e  have a problen~,  and I am su re  ALPA w i l l  know 
t h a t  kind of a problem b e t t e r  than I do. 
It  i s  a problem we a r e  no t  a b l e  t o  so lve .  W e  have a i r -  
c r a f t  going t h e  wrong way on one-way ai rways a c r o s s  t h e  North 
A t l a n t i c  simply because t h e  improper e n t r y  w a s  made by t h e  
p i l o t ,  and w e  f i n d  them on t h e  o t h e r  s i d e  of t h e  ocean a r r i v -  
i n g  a t  t h e  p l a c e  where r ada r  coverage occu r s  e x a c t l y  one 
degree  o f f  course ,  on t h e  airway going i n  t h e  wrong d i r e c t i o n .  
This  i s  an extreme case ,  bu t  it happens. 
Again, t h e  b i g g e s t  problem we have today i s  p i l o t  blunders.  
I am no t  encouraged by t h e  k inds  of problems t h a t  t h e  NAVSTAR 
GPS in t roduced  i n  t h i s  regard.  They a r e  t h e  same problems, 
however, t h a t  a r e  apparent  wi th  regard t o  any o t h e r  ion.\ of  
RNAV coverage systems,  such a s  VOR/DME, RNAV, and s o  on. 
I d o n ' t  p re tend  t o  know t h e  answers, and you d i d n ' t  see 
anybody jump up t o  answer t h e s e  ques t ions ,  I n c i d e n t a l l y ,  it 
appears  t h a t  t h e  N e w  R&D I n i t i a t i v e s  groups are emphasizing 
t h e  need t o  unders tand b e t t e r  and t o  give  guidance t o  those  
who are t r y i n g  t o  provide u s  a b e t t e r  i n t e r f a c e  wi th  the  
humans w e  expec t  s o  much of who a r e  f l y i n g  ou r  a i r p l a n e s .  
Whereas w e  know t h e  a i r l i n e  p i l o t s  a r e  h i g h l y  t r a i n e d  
and v e r y  competent ,  w e  know t h a t  i n  many c a s e s  t h e r e  a r e  
t e n s  o f  thousands  o f  g e n e r a l  a v i a t i o n  p i l o t s  who a r e  probably  
no t  a s  w e l l - t r a i n e d  o r  a s  competent  a s  a i r l i n e  p i l o t s .  I t  i r  
a  tough  problem. We a l l  know it, and I d o n ' t  know t h a t  any 
of  us c a n  g i v e  you a  b e t t e r  answer a t  t h i s  time. 
W e  a r e  a l l  encouraging i n v e s t i g a t i o n  i n t o  t h i s  problem, 
and w e  need b e t t e r  answers than  w e  a r e  g e t t i n g  today.  Unfor- 
t u n a t e l y ,  w e  c a n ' t  g i v e  them today.  
A P a r t i c i p a n t  - I have done work on i n t e r f a c e  w i t h  com- 
p l i c a t e d  n a v i g a t i o n  sys iems  and am s e n s i t i v e  t o  t h e  problem 
i d e n t i f i e d  a s  "b lunders . '  
I n  t h e  c a s e  o f  a  GPS u s e r  equipment set ,  w e  do  have a s  
an i n t r i n s i c  p a r t  o f  it a  d a t a  p r o c e s s  which h a s  s o f t w a r e  f o r  
a  v a r i e t y  of p u r p o s e s  beyond j u s t  n a v i g a t i o n .  
Any d i s p l a y  which comes o u t  must be d e a l t  wi th  by t h a t  
so f tware  and fo rmat .  From t h e  s o f t w a r e  d e s i g n e r s '  view, it 
then becomes a  q u e s t i o n  o f  what format  i s  wanted. I n  t h e  
form t h a t  t h e  d a t a  i s  i n  t h e  p r o c e s s o r ,  it i s  u n s u i t a b l e  f o r  
use by  human be ings .  Something h a s  t o  be done w i t h  it. The 
q u e s t i o n  is ,  What? I f  w e  can  g e t  t o g e t h e r  and f i g u r e  o u t  
what shou ld  b e  done,  I w i l l  make a  c o n j e c t u r e  t h a t  it i s  n o t  
going t o  c o s t  any  more t o  p u t  it i n  whatever  t r a d i t i o n a l  o r  
a c c e p t e d  format  i s  wanted provided w e  know about  t h a t  i n  
advance. 
M r .  McIntosh - I t h i n k  w e  a r e  a d d r e s s i n g  a  problem here  
t h a t  i s  n o t  un ique  t o  GPS. A s  M r .  White po in ted  o u t ,  i t  i s  
common t o  any RNAV c o n c e p t  i n  which l a t i t u d e / l o n g i t u d e ,  o r  
c o o r d i n a t e s ,  would b e  a  h l s i c  problem. I can see downstream 
perhaps  LORAN-C o r  Omega g e t t i n g  i n t o  t h i s .  A t  l e a s t  one 
manufacturer  h a s  s o l v e d  t h e  p i l o t s 1  i n t e l l i g e n c e  q u o t i e n t  
by h a v i n g  a t a p e d  se t  so t h a t  t h e  p i l o t  can  a c t u a l l y  punch 
i n  t h e  i d e n t i f i e r .  The f a c t  t h a t  t h i s  i s  36.5/122.7 West, 
t h e  computer knows t h i s ;  b u t  t h e  p i l o t  i s  n o t  expected  t o  
know it. A l l  h e  h a s  t o  do i s  remember t h r e e  let ters .  That 
i s  one  s o l u t i o n .  
I ,  f o r  one ,  can  see downstream a s  w e  a t t e m p t  t o  move RWAV 
in .  L e t ' s  s a y  t h a t  w e  go t o  t h e  r o u t e  s t r u c t u r e  peop le  a r e  
t a l k i n g  abou t  and you p u t  an i n t e r s e c t i o n  i n .  W e  have a l r e a d y  
run  i n t o  t h i s  i n  t h e  low-level ded ica ted  h e l i c o p t e r  r o u t e s  
from Boatcn t o  Washington. How do  you t e l l  t h e  p i l o t  where 
t h a t  i n t e r s e c t i o n  is? You can do it on a c h a r t .  Yo11 can 
give him l a t i t u d e / l o n g i t u d e .  You can g ive  h i n  an i d e n t i -  
f i e r .  You can  q i v e  him aevexal  t h i n g s ,  but  t h i n k  of  it i n  
tarma o f  t h e  c o n t r o l l e r .  H e  c a l l s  you up and says ,  November 
One, you are cleared. What is he going t o  say?  36.5/1.22.7? 
N o t  domeet ica l ly l  
So, when t h e y  s t a r t  t a l k i n g  about r o u t e  s t r u c t u r e ,  they  
are probably going t o  end up p ick ing  a space between S a l i n n s  
and Manhattan, and t h a t  w i l l  become an i n t e r s e c t i o n .  A t  
t h a t  p o i n t ,  he w i l l  conver t  t h a t  and i d e n t i f y  it t o  something 
phone t ic  t h a t  an  a i r  c o n t r o l l e r  can say t o  a p i l o t .  This  i s  
n o t  unique t o  GPS. I th ink  we a r e  going t o  f i n d  t h i s  i n  a l l  
kinda o f  t h e  g e n e r i c  family  known a s  RNAV. 
M r .  Van Cleave - I f  you you want range and var iance  
i n s t e a d  o f  l a t i t u d e / l o n q i t u d e .  t h a t  i s  a t r i v i a l  c a l c u l a t i o n .  
If you want t o  replace ~ M C ,  t h a t  i s  extremely easy.  I t h i n k -  
t h e  panel  should comment on t h a t  i f  you do e l i m i n a t e  DME wi th  
GPS, becauee I t h i n k  GPS can e l i m i n a t e  RME and VOR and ADF. I 
t h i n k  t h a t  might j u s t  r e v e r s e  some o f  t h e i r  p r i o r  s ta temente .  
M r .  Ka ne - F i r s t  you have t o  i d e n t i f y  t h e  waypoint, 
which dt n w a s  M r .  McIntosh's po in t .  The t h i n g  t h a t  ran  
th rough  my mind when t h e  gentleman was t a l k i n g  about i n t e r -  
face  was t h a t  X t h i n k  we a r e  way premature.  his whole con- 
f e r ence  may be premature.  I n  e f f e c t ,  w e  a r e  t a l k i n g  about a 
system t h a t  i s  unproven. There has  been no p r a c t i c a l  opera- 
t i o n a l  exper ience  wi th  it, a t  l e a s t  a s  f a r  a s  t h e  pub l i c  is 
concerned; and y e t  w e  are t r y i n g  t o  say  here  t h a t  it i s  going 
t o  r e p l a c e  DME, ADF, and every th ing  else. 
As f a r  a s  I am concerned, it i s  n o t  going t o  r e p l a c e  any- 
t h i n g  f o r  a long  t i m e  u n t i l  we know a l o t  more about it. W e  
have t o  go a l o t  f u r t h e r  down t h e  road before  it r e p l a c e s  
anything.  
A s  p r e s e n t l y  descr ibed ,  w e  can see t h a t  t h i s  might be a 
supplementary n a v i g a t i o n  system t o  provide s e r v i c e  i n  a r e a s  
where w e  d o n ' t  have it f o r  t hose  who need it. And. t h e r e  a r e  
people  f l y i n g  i n  t hose  a r e a s  r i g h t  now who s a y  they  don ' t  
need it. There i s  no g r e a t  c r y i n g  need f o r  it. 
F?e w i l l  aee it f i r s t  a s  a auppleb,~entary t y p e  t h i n g .  
F u r t h e r  downntream i f  it proves  i tself  and w e  s o l v e  a l l  of 
t h e r e  t h i n g s  a b o u t  somebody s i t t i n g  i n  t h e  Pentagon s h u t t i n g  
t h e  t h i n g  o f f ,  t h e r e  may n o t  be any need f o r  it a t  a l l .  We 
may n o t  even a c c e p t  it i f  it was o f f e r e d .  
I t h i n k  w e  are g e t t i n g  premature  on t h i s  type  of t h i n g ,  
l i k e  t h e  i n t e r f a c e  and say ing  it is going to  r e p l a c e  DME and 
ADF and  so on. I n  my book, it is n o t  go ing  t o  r e p l a c e  any- 
t h i n g  for a whi le .  
A P a r t i c i p a n t  - You have a l l u d e d  t o  something t h a t  I 
d i d n ' t  q u i t e  u n d e r s t a n d ' a b o u t  t h e  DOD's  commitment t o  n o t  
t u r n i n g  t h i e  sys tem o f f  and towards  s u p p l y i n g  p r e c i s i o n  code 
and n o t  degrad ing  it. A r e  you aware of any such s t a t e m e n t  
by DOD concern ing  t h e s e  t h i n g s ?  
M r .  G i l b e r t  - I s a i d  t h e r e  was a ques t ion--a  problem. 
I d i d n ' t  say DOD committed themselvee  a t  t h i s  s t a g e  of t h e  
game. 
The o n l y  t h i n g  I c a n  add t o  my s t a t e m e n t  i s  t h a t  Execu- 
t i ve  Order 11165 p r o v i d e s  f o r  t h e  DOD t o  t a k e  over  a l l  navi-  
g a t i o n  a i d s  under  c e r t a i n  c i r c u m s t a n c e s  a s  p r e s c r i b e d  by t h e  
P r e s i d e n t .  T h a t  c a n  i n c l u d e  V O R ' s ,  VORTAC's,  etc. 
If t h e  DOD, a n  Execu t ive  o r d e r ,  or a n  A c t  of Congress,  
however, were t o  c l a s s i f y  GPS as  a n a v i g a t i o n  system under 
t h e  same terms and c i r c u m s t a n c e s  a s  a r e  a p p l i c a b l e  under 
Execu t ive  Order  11165,  t h e n  a t  l e a s t  GPS has  been pu t  i n t o  
t h e  e q u i v a l e n t  p o s i t i o n  w i t h  r e g a r d  t o  o u r  o t h e r  n a v i g a t i o n a l  
systems.  T h a t  h a s  n o t  been done, and I r a i s e d  t h i s  q u e s t i o n  
and p o i n t e d  o u t  i n  my assumpt ions  how w e  would b e  a b l e  
t o  u s e  t h e  GPS most e f f e c t i v e l y  i n  t h e  h e l i c o p t e r  i n d u s t r y .  
S p e c i f i c a l l y ,  one o f  t h e  assumpt ions  was t h e  DOD would n o t  
deny t h e  use o f  GPS i n  most c i r c u m s t a n c e s ,  and o n l y  i n  t h e  
e v e n t  t h a t  DOD t a k e s  o v e r  t h e  whole n a t i o n a l  n a v i g a t i o n  system. 
A P a r t i c i p a n t  - R e l a t i v e  t o  t h e  confe rence  be ing  prema- 
t u r e ,  I t h i n k  t h a t  i n  l o o k i n g  a t  t h e  t i m e  s c h e d u l e  w e  a r e  d i s -  
c u s s i n g ,  a p o t e n t i a l  system t h a t  might  be o f  u s e  even i n  t h e  
y e a r  2000, fo r  a sys tem t o  come i n t o  g e n e r a l  u s e ,  it i s  going 
t o  t a k e  1 0  t o  1 5  y e a r s .  I f  we get  s t a r t e d  i n  1985, c o n s i d e r -  
i n g  v e r y  s i z a b l e  and t e c h n i c a l  problems t o  i n t e g r a t e  t h e  sys-  
t e m  i n t o  t h e  a i r  t r a f f i c  c o n t r o l  sys tem a s  w e l l  a s  t h e  low-cost 
problem, t h e  6 o r  7 y e a r s  t h a t  w e  have  l e f t  t o  s o l v e  t h e s e  
problems i s  s t i l l  a r e l a t i v e l y  s h o r t  t i m e .  
Mr. Thomas Rhyne, Texas AfM U n i v e r o i t  - I am a g e n e r a l  
a v i a t r o n  p i l o t ,  and I g o t  i n t e r e e t e d  i n  t because I war a 
young n a v i g a t o r  and was e x c i t e d  abou t  it. 
I d o n ' t  know i f  it is f a i r  t o  c h a r a c t e r i z n  your p o s i t i o n e ,  
r e p r e r e n t i n g  your o r g a n i z a t i o n s ,  a r  be ing a l i t t l e  b i t  defen-  
s i v e  a b o u t  GPS; b u t  I g u e s s  it i n  fa i r  f o r  ms t o  say  t h a t  I 
come away w i t h  a l i t t l e  b i t  o f  t h a t  f e e l i n g .  I have beon 
s p e c u l a t i n g  i n  my own mind. I feel a s  i f  somebody is a l i t t l e  
b i t  concerned,  and t h e r e  must be v a l i d  r e a s o n s  f o r  it. 
I know, hav ing  read  some o f  your r e p o r t a  and from t h e  
p r e r e n t a t i o n s ,  t h a t  o c c a s i o n a l l y  t h o s e  of us  i n  g e n e r a l  a v i a -  
t i o n  have had a l i t t l e  b i t  o f  problem w i t h  t h e  FAA. 
L e t  m e  j u s t  s a y  t h a t  if t h e  FAA c o u l d  c l e a r l y  a s s u r e  a l l  
of us  t h a t  GPS would never  become t h e  newly e n f o r c e d  hardware 
requ i rement  on t h o s e  o f  u s  i n  g e n e r a l  a v i a t i o n - - t h e  l i t t l e  guys 
i n  t h e  182 '8 ,  172 's - - i f  t h e y  could  g i v e  us  a system t h a t  was 
GPS-based and waa r e a l l y  a complement t o  t h e  p r e s e n t  system, 
it might mean a VOR-type head t h a t  gave you t h e  same kind o f  
gu idance  e x c e p t  it drew i t s  b a s i c  i n t e l l i g e n c e  from 6 6  s i g -  
n a l ~  i n s t e a d  o f  VOR; and maybe it would d o  e v e r y t h i n g  t h e  VOR 
sys tem d i d ,  e x c e p t  it would g i v e  me  coverage  a t  lower a l t i t u d e s .  
C e r t a i n l y  t h e r e  are a l o t  o f  t e c h n i c a l  problems,  and t h a t  
i s  n o t  what I feel i s  be ing  addressed .  I f  we c o u l d  g e t  a 
p o l i c y  s t a t e m e n t  t h a t  s a i d  t h e  FAA or t h e  DOD wouldn ' t  t r y  t o  j u s t i f y  t h e  massive e x p e n d i t u r e  based on t h e  f a c t  t h a t  it is 
g o i n g  t o  be a good d e a l .  If t h e y  c o u l d  j u s t  s a y  some day t h e r e  
might  be  a GPS-based system t h a t  c o o p e r a t i v e l y  p e r m i t t e d  you 
to  f l y  i n  t h e  e x i s t i n g  environment .  I f  you cou ld  be s u r e  t h a t  
t h e  l imited r e s e a r c h  d o l l a r s  t h a t  are a v a i l a b l e  were n o t  going 
t o  be u n f a i r l y  d i s t r i b u t e d  i n  f a v o r  o f  GPS as opposed t o  some 
of t h e  o t h e r  p r e s s i n g  needs  t h a t  have been d e f i n e d .  I f  you 
c o u l d  be  s u r e  t h e r e  were n o t  going t o  be some kind o f  use r  
charge .  
I g u e s s  i t ' s  unreasonab le  t o  expec t  your o r g a n i z a t i o n s  
t o  be proponents ;  b u t  would t h i s  b r i n g  you t o ,  a t  l e a s t ,  t h e  
l e v e l  o f  n e u t r a l i t y ?  
Mr. White - I c a n  o n l y  answer t h a t  wi th  a no. I have 
been around Warhlngton too long. I have had a l l  k i n d r  o f  
a r r u r a n c e r .  
There  i r  no  way t h a t  anybody can  g i v e  any a s s u r a n c e  a t  
a l l  t h a t  GPS w i l l  n o t  have t o  be pa id  f o r  by t h o s e  who use  
it . 
It  is o n l y  real is t ic  t o  l o o k  a t  t h e  t o t a l  system coat--  
t h e  ground e l e m e n t e ,  t h e  a i r b o r n e  e lements ,  t h e  system costs, 
and the u e a r s '  c o s t e  i n  toto--and t h e n  t a k e  a look a t  k h a t  my 
s h a r e  i s  go ing  t o  be. There i s  n o  o t h e r  way t c  look  a t  it. 
I f l ~ l l o w  v e r y  c l o e e l y  how t h e  Government i s  t r e n d i n g  towards 
making u s e r s  pay f o r  the  s e r v i c e s  they  r e c e i v e ,  and a mile- 
s t o n e  was p a s s e d  i n  t h e  h u r r i e d  e f f o r t s  of olir l a s t  Congreas 
i n  t h i s  regard ( w i t h  r e a p e c t  t o  waterways) .  
Mr. Ka ne  - We a r e  n o t  s a y i n g  o p p o s i t i o n .  As f a r  a s  I 
am concerne  -+T t h i s  is  g r e a t .  I f  t h e  Defense Department h a s  
a need for t h i s  k ind  o f  t h i n g ,  p u t  it up and l e t ' s  have it. 
We w i l l  a l l  p a y  for  it, a s  t a x p a y e r s .    his i s  p a r t  o f  
o u r  n a t i o n a l  d e f e n s e  system. 
The q u e s t i o n  before u s  i s  GPS for g e n e r a l  a v i a t i o n ,  and 
t h a t  i s  where I s a y  w e  want t o  see t h e  t h i n g .  We could  see 
it r i g h t  now i f  we had it t o d a y  and c o u l d  buy a r e c e i v e r  f o r  
some r e a s o n a b l e  sum--for s p e c i a l  a p p l i c a t i o n ,  $2,500 and up. 
There would be some genertyl a v i a t i o n  u s e  o f  it. 
Genera l  a v i a t i o n  i~ b u i l d i n g  some 14,000 a i r p l a n e s  a 
yea r  a n d  i s  e x p o r t i n g  abou t  a t  l e a s t  a q u a r t e r  o f  then .  Most 
o f  t h o s e  e x p o r t s  are f lyaways.  A l o t  of them f l y  a c r o s s  t h e  
oceans.  Right  now, w i t h  t h e i r  n a v i g a t i o n ,  t h e y  a r e  having a 
d i f f i c u l t  t i m e  o f  it. There a r e  a l o t  o f  t h i n g s  t h a t  t h e y  
a r e  f l y i n g  a c r o s s  t h a t  you c a n ' t  s t i c k  a n  Omega r e c e i v e r  i n .  
So, w e  are g o i n g  a c r o s e  t h e  oceans  by a v a r i e t y  of s u b s t i t u t e  
t h i n g s .  
It  would be g r e a t  for t h a t .  It would be g r e a t  o u t  i n  
t h e s e  low-level  places--maybe f o r  t h e  h e l i c o p t e r  o p e r a t i o n s  
o u t  t o  t h e  p l a t f o r m s  and o t h e r  h e l i c a p t e r  o p e r a t i o n s  and 
low-level  g e n e r a l  a v i a t i o n  o p e r a t i o n s .  
But, a t  t h e  moment, i t  i s  a aupp lenon ta ry  system; bu t  
I d o n ' t  t h i n k  w e  c o u l d  convince  o u r  ,nambro anywhere, o u r  
c o n r t i t u e n c y ,  t h a t  t h e y  ought  t o  throw a l l  t h e  VFR r a c e i v o r r  
away and s t a r t  buying CPS.  I t  I s  a  p i y  i n  t h e  poke a t  the 
momunt. 
We a r c  n o t  o p p o ~ i n g  t h e  Dofensa D e p a r t r n o n t ' ~  g e t t i n g  
t h e  t h i n g  up. Let. 's  get it up and l e t ' s  t a k e  a  l o o k  a t  d t .  
T h a t  i r  why I m i d  w e  a r e  prematuru. 
L e t . ' s  see what we a r e  i n t o  a s  f a r  aa c i v i l  uee o f  it is  
aoncarned.  L e t ' s  conrjidar a l l  o f  t h e  ramf f i c a t i o n a .  Do we 
have t h e  a c c u r a c y ?  Do wo have the a c c e s e ?  What i s  it going 
t o  c o s t  u s ?  Not o n l y  f o r  t h e  equipment ,  b u t  w e  have t o  u o t t l e  
t h i s  u s e r  cha rge  t h i n g .  There a r e  a  l o t  of t h i n g s  we have t o  
set t le b e f o r e  w e  g e t  around t o  t h e  p r a c t i c a l  a p p l i c a t i a n a  o f  
i t s  use. 
We c e r t a i n l y  canno t  set t le  i t  h e r e  Oecnusc a t  t h i s  p o i n t  
w e  d o n ' t  have enough j.nfornmtion. 
M r .  Beach - Is t h e r e  anyone h e r e  dho doub t s  t h a t  i f  a l l  
o f  u s  had aaid,  Xo, w e  a r e  n o t  i n t e r o e t a d  a t  a l l ,  t h e  p r o j e c t  
would n o t  proceed?  
I doub t  anyone s a i d  no. I t h i n k  t h a t  w e  expressed  some 
concern.  
Secondly,  I would n o t  t h i n k  t h a t  w e  arc  on t h e  d e f e n s i v e .  
I w a s n ' t  on  t h e  d e f e n s i v e .  I was on t h e  o f f e n s i v e .  On 
my desk i s  a  t o l l - f r e e  number t h a t  o u r  members a r e  f r e e  t o  
p i c k  up and d i a l  a t  w i l l .  I am t h e  guy a t  t h e  end of t h e  
l i n e ;  anz ,  ~telieve m e ,  none of them a r e  e x p r e s s i n g  concerns  
o v e r  n a v i g a t i o n .  They a r e  expreoe ing  concerns  over  weather ,  
a i r p o r t  a c c e s s ,  a v a i l a b i l i t y ,  and a  long laundry  l i s t  o f  what 
h a s  been i d e n t i f i e d  f o r  years as g e n e r a l  a v i a t i o n  needo. 
So, I would l i k e  t o  s a y  t h a t  I have been h e r e ,  rrot defens-  
i v e l y ,  b u t  o f f e n s i v e l y .  I need a s s i s t a n c e  i n  o t h e r  a reao ,  and 
I know f u l l  w e l l  t h a t  t h e  Department o f  Defense h a s  a  need. 
I t  i s  a  j u s t i f i a b l e  need,  and t h e  program w i l l  go on; and some- 
t i m e  downstream p o s s i b l y  t h e r e  w i l l  be some answers  t h a t  w e  
c a n  p u b l i s h  t o  o u r  membership which w i l l  be h e l p f u l  t o  them. 
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The purpose of  t h i s  panel is  t o  sol ic i t  t h e  views of t he  
c i v i l  a v i a t i o n  a v i o n i c s  manufacturers  tha.. w i l l  mupply the 
device. should GPS move i n t o  t h e  c i v i l  mector. Am evidenced 
by t h e  p r e v i o u ~  d i s c u s s i o n s  a t  t h i s  seminar, it i r  g e n r a l l y  
agreed t h a t  t h e r e  i s  no c o m n  need perceived a t  presen t .  It 
was acknowledged, though, t h a t  t h e r e  were s p e c i a l  uaes t h a t  
might b e n e f i t  from such a system; bu t  t h e r e  i s  no t  exac t ly  a 
clamoring a t  t h e  door f o r  a new p iece  o f  equipment. 
My own pe rcep t ion  i s  t h a t  i f  GPS, IDRAN-C, o r  any o the r  
system were t o  be used on ly  as a d i f f e r e n t  source  o f  s i g n a l s ,  
it w i l l  f i n d  l i t t l e  accomodat ion  i n  t h e  indus t ry .  The new 
in t roduc t ion  w i l l  have t o  be because it does  more--cheaper and 
b e t t e r .  It let8 you do something t h a t  you c a n ' t  do now. So 
un le r r  w e  ree o a p a b i l i t i e r  being generated by t h e  new ryntem 
t h a t  are beyond w h a t  w e  have now, then thoro i n  l i t t l e  reason 
t o  change. 
There i s  a d i f f e r e n c e  between t h e  c i v i l  a v i a t i o n  sector 
and t h e  other p a r t  of aerospace,  whore t h e  Governmant--NASA 
and DOD--ir t h e  curtomer.  In  c i v i l  a v i a t i o n ,  t h e  curtomer 
ha8 t o  work through tho  f r e e  enterpr ime system. We have rat 
a a e r i e r  of q u e r t i o n r  for t h e  panel t o  a t tempt  t o  s o l i c i t  
t h e i r  viewpoint. a 8  t o  what it would t a k e  t o  make t h a t  happen. 
There q u e r t i o n r  are t 
. What are your views o f  t h e  v i a b i l i t y  of GPS 
NAVSTAR a r  a c i v i l  a v i a t i o n  nav iga t ion  syetert~? 
. What f a c t o r 8  do you view a r  having t o  be i n  
p l a c e  i n  o r d e r  t o  t r i g g e r  t h e  c o m e r c i a 1  
development 3 
. What do you view a s  tho p o t e n t i a l  for low c o s t ?  
Norman Messingcr  
Vice P r e s i d e n t ,  Research and Eng ineer ing  
NARC0 Avion ics  
Of t h e  t h r e e  q u e s t i o n s  t h e  l4odorator h a s  posed t o  t h e  
p a n e l ,  I f i n d  i t  a  v e r y  d i f f i c u l t  c h a r g e  a t  t h i s  p o i n t  i n  
time t o  re rpond  t o  h i s  r e q u e s t  f o r  my view o f  GPS as a  nav i -  
g a t i o n  sys te -  for g e n e r a l  a v i a t i o n .  T h i 8  i s  because  o f  t h e  
d i v e r s e  o p i n i o n s  t h a t  have been expressed  t h u s  f a r  a t  t h i s  
meet ing  and t h e  f a c t  t h a t  I d o n ' t  y e t  know enough abou t  t h e  
system t o  form a n  o p i n i o n  o f  my own. 
It would a p p e a r ,  however, t h a t  t h i s  v e r y  f a s c i n a t i n g  
and advanced c o n c e p t  o f  n a v i g a t i o n  c o u l d  ho ld  some s i g n i f i -  
c a n t  a d v a n t a g e s  and b e n e f i t s  t o  t h e  e n t i r e  a v i a t i o n  community. 
I would, a t  t h i s  time, l e a v e  t h e  c r i t i c a l  d e c i s i o n  of 
t h e  a p p ~ i c a b i l i t y  o f  GPS a s  r e g a r d s  g e n e r a l  a v i a t i o n  t o  t h o s e  
a b l e  p e r s o n s  and o r g a n i z a t i o n s  best equipped and s t a f f e d  t o  
make such  a  judgment. Should t h e  d e c i s i o n  be i n  f a v o r  o f  
some form o f  GPS, w e  would c e r t a i n l y  e v a l u a t e  t h e  s i t u a t i o n  
from a produc t  development s t a n d p o i n t  and what r e t u r n s  would 
be for thcoming from s u c h  a n  inves tment .  
The a d v i s a b i l i t y  o f  a  n e a r - f u t u r e  development  e f f o r t  
would be q u e s t i o n a b l e  i n  l i g h t  o f  MLS implementa t ion  p r o g r e s s .  
We are c u r r e n t l y  midway th rough  a  major  n a v i g a t i o n  system 
t r a n s i t i o n  which h a s  been underway f o r  some t i m e .  MLS was 
i n  t h e  GPS s t a g e s  i n  t h e  l a t e  s i x t i e s ;  and a s  o f  t h e  l a t e  
s e v e n t i e s ,  w e  are now l o o k i n g  forward t o  j u s t  a  r eaoonab le  
implementat ion i n  something less t h a n  1 0  y e a r s .  S u f f i c e  t o  
say  t h a t  we would p roceed  w i t h  g r e a t  c a u t i o n  a s  r e g a r d s  
i n t e r n a l  development of GPS equipment.  
I do b e l i e v e ,  however, t h a t  s i g n i f i c a n t  c o n t r i b u t i o n s  
a r e  a c h i e v a b l e  by a  d e s i g n  team o p e r a t i n g  i n  a  c o s t - v e r s u s -  
perforxnance a r e n a  o f  a prof i t -minded and c o m p e t i t i v e  s i t u a t i o n .  
E s t i m a t e s  o f  up t o  $5,000 i n  l a r g e  q u a n t i t i e s  f o r  a gen- 
e r a l  a v i a t i o n  GPS would h a r d l y  c o n ~ p e t e  i n  t o d a y ' s  VOR/DtlE 
nonprec i s ion  approach  world and woul.dn't even r a i s e  an  eye- 
brow w i t h o u t  t h e  t h r e a t  o f  some p r e s e n t  sys tem obso lescence .  
Genera l  a v i a t i o n ,  o f  c o u r s e ,  c o v e r s  t h e  whole gamut from 
privately-owned Boeing-700 series a i r p l a n e s  down t o  t h e  ve ry  
s m a l l e s t  and p o o r l y  equipped a i r p l a n e s ,  n o t  t o  mention t h e  
20,000 o r  25,000 a i r p l a n e n  i n  o u r  f l e e t  which don ' t  even 
have batteries. 
Now, what i s  an  expensive p i ece  o f  qquipmont t o  one per-  
son i s  obvious ly  n o t  expensive t o  another ;  and t h e  co rpo ra t e  
~ u p p o r t i v e  a i r c r a f t  seek ing  8ome advantages o r  d i  f f e r e n t  form 
of nav iga t ion  o r  s i g n i f i c a n t  improvement probably wouldn't 
sneeze a t  many thousands o f  d o l l a r s  a s  f a r  as a p i ece  o f  
e q u i p m ~ n t  i s  concerned,  w h e r e a ~  t h e  person a t  t h e  o t h e r  end 
of t h e  l i n e  h a s  been having nightmares f o r  t h e  l a s t  week t r y -  
i n g  t o  f i g u r e  o u t  how t o  t e l l  h i e  wife t h a t  h i s  annual  c o s t  
i s  500 bucks. 
Given t h e  r i g h t  i n c e n t i v e  c i rcumstances ,  I be l i eve  corn- 
morcia l  des ign  e f f o r t  w i l l  make s i g n i f i c a n t  price/performance 
advances w i th  compet i t ion  being t h e  d r i v i n g  force .  We have 
seen it happen w i t h  present-day systems, and it may happen 
again  w i th  t h e  s a t e l l i t e - b a s e d  nav iga t ion  systems. 
Joseph Sawicki 
Bendix Avionics Divis ion 
An evo lu t iona ry  implementation o f  t h e  GPS system f o r  
t he  c i v i l  a v i a t i o n  community would o f f e r  c c r t a i n  b e n e f i t s  
t o  t h e  user  and t h e  a v i o n i c s  manufacturer  wi th  minimum d i s -  
r u p t i o n  t o  t h e  p r e s e n t  airway system. A s i m p l i f i e d  b a s e l i n e  
GPS system us ing  a custom microproceseor and new memory tech- 
nology would form t h e  b a s i s  o f  a panel-mounted GPS r e c e i v e r /  
processor .  A simp1 i f i e d  f o u r - d i g i t  code would be en t e red  by 
t h e  p i l o t  t o  c o r r e l a t e  wi th  a code des igna t ion  of  t h e  VOR. 
This code tun ing  wi th  a de f ined ,  range- l imi t ing  f e a t u r e  would 
minimize system b lunde r s  and a l l ow i n s t a n t  acceptance of i t s  
ope ra t ion  s i n c e  t h e  cou r se  d e v i a t i o n  i n d i c a t o r ' s  utlage would 
remain the  same a s  p r e s e n t l y  u t i l i z e d .  
The FAA would be r equ i r ed  t o  I d e n t i f y  e x i s t i n g  V O R ' s  
wi th  code d e s i g n a t o r s ,  p r o j e c t  f u t u r e  a i rways where VOR' s  are 
p r e s e n t l y  n o t  u sab le ,  and c o o r d i n a t e  s i m i l a r  planning/ 
p r o j e c t i o n s  w i t h  XCAO Members. T h i s  a c t i v i t y  would expedite 
a  GPS minimum performance s tandard  and a l l ow manufacturer6 
t o  assess t h e  magnitude of  t h e  i n t e r n a l  memory requirements.  
Moving o n  i n t o  t h e  way w e  view t h e  marketplace ,  i n  t h e  
bus iness  jet marke tp l ac t  because o f  t h e  h igh  c e r t i f i c a t i o n  
c o s t s  o f  systems i n  t h i s  marketplace and t h e  importance of  
long-term p lanning ,  it appears  GPS w i l l  have a long,  u p h i l l  
s t r u g g l e  p r i m a r i l y  a g a i n s t  t h e  Omega system. The c e r t i f i c a -  
t i o n  f a c t o r ,  t h e  b e n e f i t s  o f  s i m i l a r  t echno log ie s ,  and y e a r s  
of Omega exper ience  w i l l  indeed make it d i f f i c u l t  f c r  any 
new g l o b a l  nav iga t ion  system t o  s u c c e s s f u l l y  competa i n  t h i s  
marketplace. 
I n  t h e  g e n e r a l  a v i a t i o n  middle market ( l i g h t  t w i r l s  t o  
t u rboprops ) ,  GPS must compete head-on wi th  t h e  VOR/DME: sensors .  
In a d d i t i o n ,  t h e  VOR r e c e i v e r  becomes a l o c a l i z e r  r e c e i v e r  for 
de f in ing  t h e  l a t e r a l  d isplacement  dur ing  a p r e c i s i o n  approach. 
Therefore,  a l o c a l i z e r  r e c e i v e r  and tuning head would s t i l l  
be r equ i r ed  i n  a d d i t i o n  t o  t h e  GPS system. On t h e  o t h e r  hand, 
t h e  p r e s e n t  ILS system i s  nonex i s t en t  f o r  t h e  ma jo r i t y  of  
gene ra l  a v i a t i o n  a i r p o r t s ,  which makes t h e  nonprec i s ion  
approach a s p e c t s  o f  GPS extremely a t t r a c t i v e  and p o t e n t i a l l y  
u se fu l .  
I n  t he  g e n e r a l  a v i a t i o n  low market ( t r a i n e r s  t o  heavy 
s i n g l e s ) ,  minimum complexi ty  and low c o s t  a r e  r equ i r ed ,  espe- 
c i a l l y  f o r  t r a i n e r  a i r c r a f t .  The GPS must perform t h e  bas i c  
VOR f u n c t i o n  and c a n  be p e n a l i z e d  i f  it costs more j u s t  
because it d o e s  more. 
D i g r e s s i n g  a moment t o  c o n s i d e r  how a g e n e r a l  a v i a t i o n  
p r o d u c t  i s  s u c c e s e E u l l y  marketed,  c o n s i d e r  t h e  fo l lowing :  
1. You c a n  l e g i s l a t e  it i n t o  t h e  m a r k e t p l a c e ,  e.g., a 
ground p r o x i m i t y  d e v i c e  makes f l y i n g  s a f e r .  W e  d o n ' t  know 
how t o  legislate GPS a t  t h i s  p o i n t .  
2. You can  bury  a  p o r t i o n  o f  i t s  expense  th rough  i n t e -  
g r a t i o n ,  e.cj., King Nav System (KNS 80)  and t h e  Bendix BX-2000 
sys tem r e p r e s e n t  t h i s  t y p e  o f  technology.  On n long-term 
basis, i n t e g r a t i o n  o f f e r s  some cost r e d u c t i o n  f o r  GPS. 
3. You c a n  have t h e  customer or OEM demand t h e  p roduc t  
because  it makes f l y i n g  easier and s a f e r  and i n c r e a s e s  s n l c s  
a p p e a l  and  resale v a l u e  o f  a i r c r a f t .  
Because o f  t h e  c o n t r o v e r n i a l  a s p e c t s  o f  1 and 2 ,  l e t ' s  
c o n s i d e r  what might  be  r e q u i r e d  toward s a t i s f y i n g  i t e m  3. 
You c o u l d  beg in  by  d e f i n i n g  a b a s e l i n e  sys tem compat ib le  
w i t h  t h e  e x i s t i n g  VOR/DME r o u t e  s t r u c t u r e s .  T h i s  t h e n  could  
be a panel-mounted u 3 i t  w i t h  code s e l e c t i o n s  s i m i l a r  t o  t h e  
ATC t r a n s p o n d e r .  These codes ,  a l o n g  w i t h  t h e  WIF f r e q u e n c i e s ,  
would i d e n t i f y  t h e  e x i s t i n g  VOR f a c i l i t i e s .  The p i l o t  would 
s imply  e n t e r  t h e  a p p r o p r i a t e  f o u r - d i g i t  code and f l y  t h e  
c o u r s e  d e v i a t i o n  i n d i c a t o r  a s  u s u a l .  P r o g r a m e d  w i t h i n  t h e  
u n i t ' s  i n t e r n a l  memory would be l a t i t u d e ,  l o n g i t u d e ,  and mag- 
n e t i c  d e v i a t i o n  o f  t h e  e x i s t i n g  V O R ' s ,  which would c o r r e l a t e  
w i t h  t h e  s e l e c t e d  codes .  T h i s  approach would a l l o w  imple- 
menting a n  inexpensi .ve i n p u t t i n g  scheme, a c h i e v i n g  minimum 
p i l o t  workload,  r e d u c i n g  b l u n d e r  e r r o r ,  and conse rv ing  panel  
space .  F u r t h e r  r e d u c t i o n  i n  b lunder  e r r o r s  would be a t t a i n e d  
by l i m i t i n g  t h e  r a n g e  t o  t h e  VOR, t h e r e f o r e  a u t o m a t i c a l l y  
e x c l u d i n g  a l l  c o d e s  e x c e p t  t h o s e  s a t i s f y i n g  t h e  range  crite- 
r i o n .  T h i s  c o n c e p t  i s  termed e v o l u t i o n a r y  i n  t h a t  it a t t e m p t s  
t o  improve upon and complement t h e  e x i s t i n g  V O R ' s  and p r e s e r v e  
t h e  p r e s e n t  a i rway  s t r u c t u r e .  I t  f u r t h e r  a l l o w s  expansion o f  
t h e  VOR-type a i r w a y  sys tem i n t o  a i r s p a c e  n o t  p r e s e n t l y  se rved  
because of t e r r a i n  and cconomi.~ f a c t o r s ,  b e i n g  c a r e f u l  t o  
n o t e  t h a t  o n l y  GPS- o r  e q u i v a l e n t  equipped a i r c r a f t  could  use  
t h e s e  expanded a i rways .  A sys tem t h u s  d e f i n e d  would a l low 
for  t h e  f u t u r e  e l i m i n a t i o n  o f  p r e s e n t  ground f a c i l i t i e s  when 
t h e  c i v i l  community i s  GPS-equipped and a l l o w  an o r d e r l y  
t r a n s i t i o n  t o  occu r  c o n s i s t e n t  wi th  an agreed-upon phaseout 
date .  Th i s  approach would r e q u i r e  f u r t h e r  cons ide ra t ion  of  
ATIS and o t h e r  VOR vo ice  t ransmiss ions .  
As a manufacturer ,  w e  would p r e f e r  t h e  op t ion  of  o f f e r -  
ing a d d i t i o n a l  o u t p u t s  of r m y e ,  groundspeed, t i m e  of s t a -  
t i o n ,  and e l e v a t i o n  c o n s i s t e n t  w i t h  t h e  d e s i r e s  o f  t h e  
marketplace t o  buy f e a t u r e s .  I f  one chooseo an WAV vers ion  
of  GPS, p rov i s ions  c o n s i s t e n t  wi th  t h e  marketplace  would 
al low l a t i t u d e  and long i tude  t o  be  en t e red  sblilar t o  prest'8:it 
Omega systems. I t  i s  f u r t h e r  conceivable  t o  i d e n t i f y  pub- 
l i shed  RNAV r o u t e s  w i t h  a d d i t i o n a l  codes. Again, an expanded 
i n t e r n a l  memory would con ta in  t h e  equ iva l en t  l a t i t u d e ,  longi-  
tude,  and magnetic d e v i a t i o n  of t h e  codes. 
A t  t h i s  p o i n t  of  t h e  d i scuss ion ,  it appears  app rop r i a t e  
t o  add res s  t h e  i s s u e s  o f  "How big?" and "How much?" The 
Bendix Avionics Div is ion  i s  and con t inues  t o  be involved i n  
moving h igh  technology i n t o  t h e  marketplace.  We designed 
t h e  f i r s t  low-cost gene ra l  a v i a t i o n  t ransponder  using LSI 
technology and con t inue  t o  i n t roduce  produc ts  i n t o  t h e  market- 
p lace  u s ing  LSI ' s  des igned a t  our  F o r t  Lauderdale f a c i l i t y .  
W e  r e c e n t l y  developed o u r  f i r s t  custom microcomputer on a 
chip  f o r  use  i n  o u r  g e n e r a l  a v i a t i o n  c o l o r  r ada r .  We've 
learned from expe r i ence  t h a t  a custom implementation of  any 
system w i l l  a lways y i e l d  t h e  g r e a t e s t  e f f i c i e n c y  because 
both t h e  hardware and sof tware  a r e  optimized f o r  a p a r t i c u l a r  
app l i ca t ion .  Therefore ,  i n s t e a d  of  a computer c o n s i s t i n g  of 
a CPU, ROM, PAM, c lock  gene ra to r ,  1/0 p o r t s ,  s p e c i a l  periph- 
e r a l  dev ices ,  and maybe a custom ch ip ,  it can now end up 
a s  on ly  one ch ip .  I n  t h e  GPS des ign ,  we see  a t  l e a s t  t h i s  
l e v e l  o f  technology r e q u i r e d  i n  a d d i t i o n  t o  a breakthrough 
i n  n o n v o l a t i l e  memories. The magnetic bubble memory (hlRB) 
scheduled f o r  1 9 8 0  produc t ion  promises t o  become one o f  the  
major n o n v o l a t i l e  memory technologies  o f  t h e  f u t u r e  and w i l l  
provide mass memories f o r  computing systems. I t  i s  conceiv- 
ab l e  t h a t  t h i s  form o f  mass memory may become a GPS system 
candida te  w i th  f u r t h e r  improvements i n  o p e r a t i n g  temperature 
range. 
I n  c l o s i n g  then ,  w e  t h e  manufacturers  need more in fo r -  
mation such as, What i s  it? and How do I use  it? This  then 
i s  c l e a r l y  what t h e  FAA and i n d u s t r y  must cone t o  g r i p s  with 
i n  t h e  nea r  f u t u r e .  
J e r r y  Schmitt  
King Radio Corporation 
Thi r  a f t e rnoon  w e  a r e  t o  d i s c u s s  t h e  i n d u s t r y  view o f  
p o t e n t i a l  g e n e r a l  a v i a t i o n  use  o f  t h e  Global P o s i t i o n i n g  
Syetem. It i s n ' t  a new s u b j e c t .  It seems t o  m e  t h a t  we went 
through t h i s  same thought p roces s  about 10 y e a r s  ago when 
RNAV was f i r s t  being implemented. 
During t h e  implementation o f  RNAV, t h e r e  w a s  a tremen- 
dous amount o f  e f f o r t  devoted t o  e s t a b l i s h i n g  s p e c i f i c a t i o n s  
and d i s c u s s i n g  an RNAV r o u t e  s t r u c t u r e  t h a t  would provide 
t h e  economic j u ~ t i f i c a t i o n .  Once equipments were on t h e  
marketplace,  however, w e  found t h a t  t h i s  concept  had v i r -  
t u a l l y  no th ing  t o  do  wi th  t h e  RNAV bus iness - - tha t  is ,  t h e  
manufacture, sale, and use  o f  RNAV. I n  hind.sight ,  t h e  user  
bought RNAV because it was a convenient  way t o  nav iga t e  from 
one p l a c e  t o  ano the r ,  and t h i s  seldom involved e s t a b l i s h e d  
r o u t e s ,  RNAV or  o therwise  . 
I t h i n k  t h e  same w i l l  be  t r u e  o f  GPS. The market ( t h a t  
is, u s e r )  w i l l  d e f i n e  t h e  use  of  GPS. The p rope r  r o l e  o f  
Government o r g a n i z a t i o n s  i s  t o  see t h a t  t h e  sa te l l i t es  a r e  
i n  p l a c e  and then ,  once they  a r e  i n  p l a c e ,  p rov ide  any necessary 
s t r u c t u r e  f o r  t h e  u se  o f  GPS. The proper  r o l e  f o r  i n d u s t r y  
is t o  develop t h e  GPS equipment. The proper  r o l e  of t h e  
user  i s  no th ing  more than  t o  use  GPS where it r e p r e s e n t s  an 
economic o r  convenience advantage. 
L e t  m e  e l a b o r a t e  on t h e s e  po in t s .  There a r e  numerous 
companies w i t h  adequate  f i nanc ing ,  eng inee r s ,  and t h e  d e s i r e  
t o  do b a t t l e  for  t h e  GPS marketplace. Many w i l l  be f a i l u r e s ,  
but  t h e r e  i s  no more powerful system f o r  f u l f i l l i n g  t h e  mar- 
k e t  needs  chan compet i t ion.  The shape o f  t h e  market i s  not  
up t o  us-- i t  a l r e a d y  e x i s t s .  Our job i s  t o  f i n d  it. I don ' t  
b e l i e v e  Government o r  i n d u s t r y  can create t h e  market o r  sub- 
s t a n t i a l l y  change it. I n  fact ,  it would be a mis take t o  
a t tempt  o r  even s e r i o u s l y  d i s c u s s  s u b s t i t u t i n g  GPS f o r  VOR/ 
DME. I f  GPS makes ecor<omic sense ,  t h e  d i s c u s s i o n  won't be 
necessary;  and i f  GPS doesn ' t  make economic sense ,  t h e  dis- 
cus s ion  s t i l l  won't be necessary.  Therefore ,  King's  p o s i t i o n  
is: When w e  pe rce ive  t h a t  GPS i s  (1) s o l i d l y  de f ined ,  ( 2 )  on 
t h e  verge  o f  be ing  a v a i l a b l e ,  (3)  u s e f u l ,  and ( 4 )  economic 
f o r  g e n e r a l  a v i a t i o n ,  w e  w i l l  become a c t i v e  i n  t h e  design,  
manufacture, and marketing o f  t h e  equipment. 
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Our major  r e s e r v a t i o n  i s  n o t  t h e  e x i s t e n c e  o f  t h e  GPS 
market  o r  o u r  a b i l i t y  t o  d e s i g n  reanonably  p r i c e d  equipment. 
Our p r imary  concern  i s  t h e  l o s s  o f  low-cost ILS as w e l l  a s  
backup voice communications i f  VOR/DbIE i s  r e p l a c e d  w i t h  GPS. 
A t  some f u t u r e  d a t e ,  MLS w i l l  b e  a v a i l a b l e  t o  f i l l  t h i s  vo id ,  
b u t  it w i l l  cost f a r  more t h a n  ILS and w i l l  p robab ly  b e  a 
more s e v e r e  economic impact  t h a n  GPS. 
Much h a s  been  s a i d  a b o u t  t h e  equipment c o s t  impact ing  
t h e  implementa t ion  o f  GPS. Those o f  you who d e s i g n  equipment 
are w e l l  aware o f  t h e  r a p i d  e v o l u t i o n  o f  seroiconcluctor t e c h -  
nology. I b e l i e v e  GPS t e c h n i q u e s  a r e  i d e a l l y  s u i t e d  t o  t a k e  
advan tage  o f  t h e s e  t e c h n o l o g i c a l  advances.  The advances t h a t  
w i l l  be used  i n  GPS are probab ly  l i t t l e  more t h a n  a glimmer 
i n  someone's e y e s  a t  t h i s  t i m e ,  p r i m a r i l y  because  t h e  GPS 
implementa t ion  t i m e  seems t o  exceed t h e  t i m e  i t  takes f o r  a 
new techno logy  t o  d e v e l o p  and mature.  I n  f a c t ,  t h e  e v o l u t i o n  
of t echno logy  makes it v e r y  d i f f i c u l t  t o  t i m e  t h e  equipment 
development.  S t a r t  t o o  soon and t h e  s lower  c o m p e t i t o r  w i l l  
s e r i o u s l y  u n d e r c u t  your  p roduc t .  S t a r t  t o o  l a t e  and your 
t e c h n o l o g i c a l  advan tage  may be  t o o  s m a l l  t o  overcome an  
e s t a b l i s h e d  p o s i t i o n .  
L a s t ,  t h e r e  a r e  r e c u r r i n g  p r o p o s a l s  f o r  s i m p l i f y i n g  t h e  
GPS s i g n a l  f o r m a t  t o  make it e a s i e r  on , the equipment d e s i g n e r .  
Many o f  t h e s e  p r o p o s a l s  a r e  obvioufily i a c k i n g  i n  though t ,  and 
t h e i r  p r e s e n c e  l e a d s  one  t o  b e l i e v e  t h a t  a l o t  of d o l l a r s  
e x i s t  f o r  s t u d y i n g  a l t e r n a t i v e  s i g n a l  fo rmats .  My a t u d y  of 
t h e  problem l e a d s  m e  t o  b e l i e v e  t h e  A i r  Force  h a s  done an  
e x c e l l e n t  j o b  o f  e s t a b l i s h i n g  a s i g n a l  format .  The p r o p o s a l s  
f o r  change r e p r e s e n t  a d i s t r a c t i o n  and,  i f  a n y t h i n g ,  w i l l  
d e l a y  implementa t ion .  
What w e  d o  need i s  a c l e a r  Government p o l i c y  t h a t  t h e  
GPS w i l l  b e  f u l l y  deployed by a s t a t e d  d a t e  and w i l l  be 
a v a i l a b l e  t o  t h e  p u b l i c .  Then p u t  up t h e  s a t e l l i t e s  and 
s t a n d  back. 
D r .  Norbe r t  Hemesath 
C o l l i n a  A v i o n i c s  Group 
I b e l i e v e  we have  a l l  l e a r n e d  q u i t e  a  b i t  i n  t h e  l n s t  
d a y  and a h a l f  a b o u t  where w e ,  as  i n d i v i d u a l s  or  g r o u p s ,  
"are coming from" w i t h  r e s p e c t  t o  GPS. However, w h i l e  w e  
may u n d e r s t a n d  where w e  a r e  coming from, it i s  n o t  a t  a l l  
o b v i o u s  t h a t  w e  d o  o r  d o n ' t  a g r e e  on where we are heading .  
T h e r e  i s  a p p a r e n t l y  a  l o t  o f  d i s a g r e e m e n t  i n  t h a t  a r e a .  So, 
I would s u q g e s t  t h a t  p e r h a p s  i n  t h e  theme o f  t h e  c o n f e r e n c e  
w e  come up  w i t h  some "low-cost" h e a d i n g  r e f e r e n c e  f o r  t h i s  
whole  a c t i v i t y .  
C o l l i n s '  p o s i t i o n  o n  GPS i s  t h a t  t h e  s y s t e m  h a s  a  l o t  
o f  p o t e n t i a l .  However, I emphas ize  t h a t  it i s  p o t e n t i a l  
o n l y  a t  t h i s  time. GPS c a n n o t  b e  c o n s i d e r e d  r e a l i t y  f o r  t h e  
c i v i l  a v i a t i o n  community a t  t h e  p r e s e n t  time. Thera  a r e  
many p rob lems  t h a t  have t o  be  a d d r e s s e d  b e f o r e  th3.2 c a n  b e  
t r u e .  
But o n  t h e  o t h e r  hand,  b e c a u s e  i t  t a k e s  many y e a r s  t o  
g e t  a  s y s t e m  o f  t h i s  k i n d  implemented and i n  p l a c e  so t h a t  
u s e r s  c a n  t u r n  on  t h e  r a d i o  and watch  it p l a y ,  it i s  a l s o  
a p p r o p r i a t e  a t  t h i s  t i m e  t h a t  work go on  t o  a d d r e s s  t h o s e  
problems.  
C o l l i n s  sees a  s u b s t a n t i a l  ro le  e v e n t u a l l y  f o r  GPS i n  
c i v i l  a v i a t i o n ,  b u t  it i s  one  o f  an  e v o l u t i o n a r y  n a t u r e - -  
n o t  a  r e v o l u t i o n a r y  one .  The k i n d  o f  t h i n g  w e  c a n  see hap- 
p e n i n g  i s  t h a t  i n i t i a l l y  when t h e  s a t e l l i t e s  a r e  up  and u s e r  
equipment  becomes a v a i l a b l e ,  w e  w i l l  f i n d  t h e  sys t em f i l l i n g  
i n  w i t h  s u p p l e m e n t a r y  roles o f  o n e  k i n d  o r  a n o t h e r .  A good 
example m i g h t  b e  t h e  h e l i c o p t e r  s e r v i c e  t o  B a l t i m o r e  Canyon, 
a s  LORAN-C i s  u s e d  f o r  t h e s e  days .  And t h e r e  a r e  many o t h e r s .  
We w i l l  l e t  t h e  u s e r s  d e t e r m i n e  what  t h o s e  are. But it w i l l  
f i n d  a  n i c h e  t h e r e ,  p r o b a b l y  f i r s t .  
I t  s t r i k e s  u s  a lso  t h a t  t h e r e  i s  a v e r y  s u b s t a n t i a l  
p o t e n t i a l  f o r  t h e  sys t em i n  o c e a n i c  s e r v i c e ,  where Omega and 
i n e r t i a l  a re  t o d a y  f i l l i n g  t h e  need.  Now t h a t  d o e s n ' t  mean 
t h a t  e i t h e r  Omega or  i n e r t i a l  w i l l  go away. A s  a matter o f  
f a c t ,  u n l e s s  GPS c a n  o f f e r  some c o s t  a d v a n t a g e s ,  which i s  
v e r y  d o u b t f u l ,  I d o n ' t  t h i n k  t h a t  Omega w i l l  g o  away. What 
we might  see happen ing  t h e r e ,  though,  i s  t h a t  i n  c e r t a i n  
c l a s s e s  o f  a i r c r a f t ,  because  o f  t h e  t r u l y  g l o b a l  n a t u r e  o f  
GPS and t h e  a c c u r a c y  t h a t  i s  a v a i l a b l e  f rom it, it would f i l l  
t h e  o c e a n i c  role a s  w e l l  a s  t h e  d o m e s t i c  role f o r  c e r t a i n  
k i n d s  o f  o p e r a t o r s .  
Ano the r  p l a c e  t h a t  w e  c a n  see GPS f i l l i n g  i n  f a i r l y  
q u i c k l y  i s  i n  t h e  unde rdeve loped  a r e a s  o f  t h e  wor ld .  A 
l a r g e  amount o f  equ ipmen t  and a i r c r a f t  g o  o u t  o f  t h i s  
c o u n t r y  i n t e r n a t i o n a l l y  e v e r y  y e a r ;  and  when you q e t  o u t e l q e  
o f  t h e  U n i t e d  S t a t e s  a n d  Europe,  t h e  e x i s t i n g  r a d i o  n a v a i d s  
become r e l a t i v e l y  few and  f a r  between.  So,  i n  u n d e r d e v e l -  
oped  p a r t s  o f  t h e  w o r l d ,  t h e n ,  it would seem c l e a r  t o  u s  
t h a t  t h e r e  w i l l  b e  some role f o r  GPS. The o b v i o u s  compet i -  
t i o n  t h e r e  a g a i n  i s  Omega, and  i t  i s  a q u e s t i o n  o f  what  t h e  
exact r e q u i r e m e n t s  a r e .  Omega c a n ' t  p r o v i d e  t h e  a c c u r a c y ;  
it c a n  p r o v i d e  t h e  c o n t i n u i t y  and  g l o b a l  n a t u r e  o f  s e r v i c e .  
Again ,  t h e  i s s u e  w i l l  be  d e c i d e d  by t h e  m a r k e t p l a c e .  
I n  t h e  CONUS u l t i m a t e l y ,  w e  see GPS coming o n  a s  a sup- 
p l emen t  t o  VOR/DME, a t  l e a s t  i n i t i a l l y .  I t  c l e a r l y  c a n  do s 
j o b ,  when implemented ,  o f  f i l l i n g  i n  where t h e r e  a r e  poor  
c o v e r a g e  areas now--like mounta inous  r e g i o n s  and  Alaska .  
GPS h a s  c a p a b i l i t i e s  t h a t  c a n n o t  b e  matched by t h e  e x i s t i n g  
VOR/DME sys t em t o d a y ,  and  t h e s e  a r e  p a r t i c u l a r l y  p rominen t  
i n  t h e  g e n e r a l  a v i a t i o n  s e c t o r  where I would t h i n k  t h e  key 
c a p a b i l i t y  t h a t  would b e  e x p l o i t e d  i s  t h e  a c c u r a c y  t h a t  it 
c a n  d e l i v a r  f o r  n o n p r e c i s i o n  a p p r o a c h e s .  
U l t i m a t e l y ,  a n d  I emphas ize  u l t i m a t e l y ,  w e  c a n  see GPS 
coming o n  as  a r e p l a c e m e n t  f o r  VOR/DME. My p e r s o n a l  o p i n i o n ,  
though,  i s  t h a t  t h e r e  i s  v e r y  much work t h a t  n e e d s  t o  be  done 
a d d r e s s i n g  t h e  cost  i s s u e  b e c a u s e ,  u n l e s s  c o s t  c a n  r e a l l y  be  
b e a t e n  down, e v e n  u l t i m a t e l y ,  t h e r e  w i l l  b e  some r e s i d u a l  
VOR/DME i n  t h i s  c o u n t r y  t o  s u p p o r t  t h e  bo t tom t i e r  o f  g e n e r a l  
a v i a t i o n .  U n l e s s  t h e  cost  b a t t l e  c a n  be  won, VOR r e c e i v e r  
v i s - a - v i s  GPS, VOR w i l l  s t a y  t h e r e .  I t ' s  j u s t  t h a t  s i m p l e .  
Look a t  N D B ' s ,  l o o k  a t  LORAN-A, and  a l l  t h e  p a s t  h i s t o r y .  
One o f  t h e  q u e s t i o n s  w e  were asked  t o  a d d r e s s  i s ,  What 
are t h e  f a c t o r s  t h a t  must  happen i n  t h e  GPS wor ld  b e f o r e  o u r  
o r g a n i z a t i o n s  would make a  commitment t o  l a y  d o l l a r s  on  t h e  
l i n e ,  d e v e l o p  a p r o d u c t ,  t r y  t o  marke t  i t ?  Well, a  s h o r t  
answer  t o  t h a t  i s  i f  t h e r e  i s  a n  i d e n t i f i a b l e  marke t  t h e r e ,  
w e  w i l l  g o  d o  i t  and  o t h e r s  w i l l  d o  t h e  same. I b e l i e v e  t h a t  
wha t  mus t  happen  i s  a n  env i ronmen t  would have t o  b e  c r e a t e d  
t h a t  would encourage  t h e  p o t e n t i a l  u s e r s  t o  have t h e  con- 
f i d e n c e  i n  t h e  rys tam t h a t  t h e y  would be  w i l l i n g  t o  go  o u t  
and buy equipment.  
What a r e  t h e  i n g r e d i e n t s ?  F i r s t  o f  a l l ,  t h c  DOD program 
m u s t  b e  a  f u l l  go. T h a t  is ,  everybody must know t h a t  t h e  
2 4  s a t e l l i t e s  a r e  go ing  t o  go up and t h e y  a r e  going t o  be 
o p e r a t i o n a l .  T h a t  i s  a n  a b s o l u t e  e s s e n t i a l .  
Secondly ,  I f i r m l y  b e l i e v e  t h a t  t h e r e  must be a  r e l a -  
t i v e l y  e a r l y  r e s o l u t i o n  o f  t h i s  d e n i a l  o f  a c c e s s  q u e s t i o n  i n  
a  manner t h a t  w i l l  s a t i s f y  c i v i l  use.  I am n o t  p repared  t o  
o f f e r  any  auggeb t ion  a s  t o  what I t h i n k  t h a t  is, b u t  i t  must 
be r e s o l v e d  and i n  a  way t h a t  i s n ' t  go ing  t o  p u t  a  tremendous 
c o s t  burden on t h o s e  c i v i l  u s e r s .  I t  i s  a l r e a d y  a  tough 
enough j o b  t o  g e t  t h e  c o s t  down. One p o s s i b i l i t y ,  c e r t a i n l y ,  
wi th  r e g a r d  t o  t h a t  problem would be i f  t h e  CA s i g n a l  were 
no t  tampered w i t h .  I p e r s o n a l l y  b e l i e v e  t h a t  t h a t  would meet 
v i r t u a l l y  a l l  c i v i l  r e q u i r e m e n t s ,  i n c l u d i n g  n o n p r e c i s i o n  
approaches .  I t  c l e a r l y  would be n i c e r  t o  have P f o r  a  v a r i e t y  
of r e a s o n s ,  b u t  I t h i n k  CA would do a  p r e t t y  good job. 
Another  i s s u e  i s  t h e  r e s o l u t i o n  o f  system c o n t r o l .  I 
r e a l l y  b e l i e v e ,  a g a i n ,  t h a t  b e f o r e  you f i n d  any s e r i o u s  c i v i l  
i n t e r e s t  i n  u s e ,  t h e r e  w i l l  have LO be  a  r e s o l u t i o n  o f  t h e  
m a t t e r  o f  who c o n t r o l s  t h e  system: a c i v i l  agency,  a m i l i -  
t a r y ,  a combinat ion  o f  t h e  two--something t h a t  people  know 
and u n d e r s t a n d  and have conf idence  i n .  
Perhaps  n o t  a b s o l u t e l y  n e c e s s a r y ,  b u t  d e s i r a b l e  a s  an 
i n g r e d i e n t  i n  h e l p i n g  u s  g e t  on toward t h e  d e c i s i o n ,  would be 
some p r o g r e s s  i n  t h e  ICAO a r e n a .  U l t i m a t e l y ,  i f  GPS i s  going 
t o  have  a v e r y  l a r g e  p l a c e  i n  t h e  f i rmament,  s o  t o  speak ,  it 
must have  ICAO a p p r o v a l .  I t  i s  j u s t  t h a t  s imple .  NOW, t h a t  
d o e s n ' t  mean t h e r e  c o u l d n ' t  b e  some p r e l i m i n a r y  usaqe i n  t h i s  
c o u n t r y ,  b u t  I am s u r e  a l l  o f  u s  would f e e l  a l o t  b e t t e r  i f  
t h e r e  were a  p r e t t y  good i n d i c a t i o n  t h a t  ICAO i s  g o i n g  t o  go 
a long w i t h  t h e  gag. 
User c h a r g e s  w i l l  a l s o  have t o  be  a d d r e s s e d .  I f  someone 
s t a n d s  up i n  Congress  and s a y s ,  It l o o k s  l i k e  we a r e  going t o  
have a bunch o f  c i v i l  u s e r s  t h e r e ,  l e t ' s  t a x  t h e  l i v i n g  day- 
l i g h t s  o u t  o f  them f o r  t h i s  equipment ,  t h e r e  i s  n o t h i n g  t h a t  
w i l l  more q u i c k l y  k i l l  any i n t e r e s t  i n  GPS. N o w ,  I d o n ' t  
know how t h a t  g e t s  r e s o l v e d ,  b u t  p e o p l e  a r e  concerned about  it. 
L a r t  on my l i n t  and one  t h a t  I p e r s o n a l l y  t h i n k  i s  a 
v e r y  key i s s u e  i n  t h a t  t h e r e  w i l l  have t o  be c r e a t e d  a 
n a t i o n a l  a i r s p a c e  environment  t h a t  p e r m i t s  u s e r s  t o  t a k e  
maximum advan tage  o f  t h e  equipment i f  t h e y  buy it--maximum 
advantage  o f  t h e  GPS aystem c a p a b i l i t i e s .  Now, what t h a t  
means i a  t h a t  t h e r e  w i l l  have to  be a hard  l o o k  a t  t h e  system 
and a g r e a t e r  move i.n t h e  d i r e c t i o n  o f  RNAV-based procedures .  
What shou ld  t h e  FAA, DOD, NASA, and a l l  t h e  r e l e v a n t  
Government a g e n c i e s  do?  On t o p  o f  t h e  l i s t  i s  a d d r e s s  and 
s o l v e  t h e  access d e n i a l  q u e s t i o n .  I t  must be done--work o u t  
a p o l i c y  on  n y ~ t e m  c o n t r o l  and opera t ion- -ge t  o u t  t h e r e  and 
s t a r t  working f o r  ICAO accep tance .  Tha t  i s n ' t  t o t a l l y  a 
Government problem, b u t  it c a n ' t  be done w i t h o u t  t h e  Govern- 
ment d o i n g  some work. 
For t h e  FAA s p e c i f i c a l l y ,  I t h i n k  a l o t  of  e f f o r t  must 
be expended t o  work o u t  ATC p rocedures ,  communication methods, 
a n d  s o  on.  I want  t o  stress t h a t  t h a t  i s  n o t  -a GPS problem. 
Anything t h a t  i r  p u t  i n t o  t h e  a i r s p a c e  t o  r e p l a c e  VOR/DME a s  
t h e  b a s i c  s i g n a l  source--be it LORAN-C or Omega o r  a n y t h i n g  
else you c a n  dream up i n  t h e  way o f  a r a d i o  navaid--has g o t  
t h e  same problem. Anything which i s  b a s i c a l l y  g l o b a l  i n  
n a t u r e  creates t h i s  problem o f ,  How a r e  p rocedures  set up? 
How i s  t h e  a i r s p a c e  o p e r a t e d ?  and,  How do p i l o t s  and c o n t r o l -  
lers communicate? And t h e  answer i s  s u r e l y  n o t ,  L a t i t u d e /  
l o n g i t u d e .  We a l l  know t h a t .  
With r e s p e c t  t o  t h e  q u e s t i o n :  Is low c o s t  a c h i e v a b l e ?  
I f  I l o o k  a t  t h e  marke tp laces  t h a t  w e  s e r v e  i n  t h e  commercial 
wor ld ,  depending or1 which one  I l o o k  a t ,  t h e  answer i s  easyw- 
c e r t a i n l y  low cost i s  a c h i e v a b l e  i n  t h e  c o n t e x t  o f  what t h e  
a i r  t r a n s p o r t  i n d u s t r y  would be used t o .  I am very  c o n f i d e n t  
o f  t h a t .  I t  i s  a l s o  a c h i e v a b l e  i n  t h e  c o n t e x t  of  t h e  b u s i n e s s  
jet community, where C o l l i n s  does  a l o t  o f  b u s i n e s s .  When you 
get  down t o  t h e  M i c r o l i n e  (which i s  t h e  C o l l i n s  g e n e r a l  av ia -  
t i o n  l i n e  t h a t  competes w i t h  King's  S i l v e r  Crown), it i s  prob- 
l e m a t i c a l ,  i n  my o p i n i o n ,  w i t h  r e g a r d  t o  whether  low c o s t  is 
a c h i e v a b l e ;  t h a t  is ,  i f  by low cast w e  use  a workable d e f i n i -  
t i o n  t h a t  s a y s  t h i s  set must more o r  less compete w i t h  t h e  
cost o f  a s i n g l e  VOR. 
I war i n t e r e n t a d  t o  l i s t e n  t o  M r .  Victor Knyne, AOPA, 
who i n d i c a t e d  t h a t  i n  t h e i r  p i l o t  su rvey - - to  i r l d i c a t o  t h o  
magni tude  o f  t h i s  problem--they found  t h a t  t h e w  are  30,000 
a i r c r a f t  among t h e i r  owners  t h a t  have o n e  a i n q l c  v O R - - j \ i ~ t  a  
s i n g l e  VOR, n o t  even  d u a l .  T h a t  i a  a  ma jo r  problem. So, i f  
t h e  l ow-cos t  i s s u e  i s  how w e  r o l ~ l a c e  t h o s e  s i n g l e  VOR r e c e i v e r s  
i n  t h o s e  30,000 a i r p l a n e s ,  I am n o t  o p t i m i s t i c ,  
I n  summary, t h e n ,  we l i k c  GPS. Our p o s i t i o n  a t  C o l l i n s  
i s  b u l l i s h  w i t h  r e s p e c t  t o  GPS. We t h i n k  t h e r c  is  a clood 
f u t u r e  f o r  i t ,  and  n o t  j u s t  b e c a u s e  w e  happen t o  be i n v o l v e d  
i n  t h e  DOD program. We a r e  a n x i o u s  t o  see i t  movc? i n t o  t h e  
c i v i l  markol:y!?-- i f ,  i n  f a c t ,  i t  d o e s  f i n d  a n i c h e .  
W e  supr c , .J much t h e  Govcrnmcnt w o r k i n s  t h e  problem. 
By t h e  Govzr - mean t h e  non-DOD p a r t  of t h e  ravernrncnt  
g e t t i n g  i r  -TI; , .hese  p rob lems  c a n  be a d d r e s s e d .  
One l a s r  . :  .A;I i s ,  a g a i n ,  t h a t  it i s  n o t  a  t e c h n o l o q y  
problem i n  my o p i n i o n .  The re  i s n ' t  any  s i y n i f i c a n t  t e c h n o l -  
ogy t h a t  a b s o l u t e l y  n e e d s  t o  h e  deve loped  h e r e .  The t e c h -  
no logy  i s  cornlns a l o n g  r a p i d l y  enough. T h a t  w i l l  t a k e  c a r e  
o f  i t s e l f .  
The Government d o e s n ' t  have  t o  q o  off c r c a t i n y  a bunch 
o f  s p e c i a l  g i z w i g e t s  f o r  GPS r c c c i v e r s .  T h a t  w i l l  ha])pen 
n a t u r a l l y  i n  t h e  c o m p e t i t i v e  env i ronmen t  t h a t  w e  a l l  work i n .  
What t h e  Government s h o u l d  work i s  t h e  large p o l i c y  i s s u e s  
and t h e  e l e c t r o - p o l i t i c a l  i s s u c s  a s s o c i a t e d  w i t h  t h i s  whole 
t h i n g  b e c a u s e  none o f  u s  h e r e  c a n  a t t a c k  t h o s e .  The re  i s  
n o t h i n g  we c a n  d o  a b o u t  t h o s e .  You p e o p l e  i n  Government can .  
F i n a l l y ,  I would l i k e  t o  echo  t h e  cornmerits o f  b o t h  
Mr. Mess inge r  a n d  M r .  S c h m i t t  he ro  w i t h  r e g a r d  t o  t h e  r o l e  o f  
GPS; t h a t  is ,  i f  t h e r e  i s  a  p l a c e  f o r  it i n  c i v i l  a v i a t i o n ,  
it w i l l  f i n d  i t s  p l a c e  v e r y  n a t u r a l l y  by  v i r t u e  o f  u s e r s  seek-  
i n g  i t  o u t .  And when w e  t a l k  a b o u t  l o w  c o s t ,  l e t  t h e  compet i -  
t i v e  t h i n g  among a l l  o f  u s  t a k e  c a r a  o f  t h a t  1)roblem. I t  w i l l .  
I t  a l w a y s  h a s  i n  t h e  p a s t .  
One l a s t  p o i n t  I would l i k e  t o  make: The thousand  d o l l a r  
VOR r e c e i v e r  t h a t  you c a n  buy t o d a y  and  t h e  $ 2 , 2 0 0  DMF: t h a t  
you c a n  buy t o d a y  were n o t  t h e  r e s u l t  o f  t h e  Government go ing  
out and spending  a bunch o f  money on  t e c h n o l o g y .  They were 
purely and . imply the result of compctitivc forces workinq 
in t h e  marketplace. 
James Van Cleave 
American E l e c t r o n i c b  L a b o r a t o r i e s  (AEL) 
The American E l e c t r o n i c s  ~ a b o r a t o r i a s '  (AEL) g e n e r a l  
view of t h e  f e a m i b i l i t y  o f  GPS i n  t h a t  we a r e  p r e t t y  n b u l l i s h n  
on it. We a g r e e  t h a t  GPS can p r o v i d e  s e v e r a l  o p a r a t i o n a l  
advan tages  such a s  worldwide, t r o u b l e - f r e e ,  p r e c i s e  naviga-  
t i o n ;  s i m p l e r  c o u r s e  p l a n n i n g  w i t h  minimum f l i g h t  timet and 
minimum f u e l .  And u l t i m a t e l y ,  GPS w i l l  p r o v i d e  lower cost 
f o r  FAA s u p p o r t  due to  t h e  phas ing o u t  ~f VORTAC ground 
systems.  
We a l s o  f e e l  t h a t  20 y e a r a  from now, an a i r p l a n e  c o c k p i t  
may look l i k e  t h e  f o l l o w i n g :  a GPS r e c e i v e r ,  which w i l l  
r e p l a c e  t h e  DME, VOR, and ACF; t h e  MLC r e c e i v e r  f o r  p r s c i -  
e i o n  l a n d i n g s ;  communications g e a r ;  an& t h e  b a s i c  IFF o r  ATC 
t ransponder .  We see t h a t  k ind  of a c o n f i g u r a t i o n .  Alro ,  w e  
l i k e  t o  e n t e r t a i n  t h e  t h o u g h t s  o f  p o s i t i o n  encoding,  us ing  
the GPS, s u c h  t h a t  a i r  t r a f f i c  c o n t r o l ,  c a l l i s i s n  avoidance ,  
and t h i n g s  l i k e  t h a t  can be e f f e c t e d .  And I b e l i e v e  t h a t  20 
y e a r s  from now, w e  a r e  going t o  see a l o t  more p r o c e s s i n g  i n  
t h e  c o c k p i t  af a l l  t h e  i n f o r m a t i o n  a v a i l a b l e .  T h e r e  should 
c e r t a i n l y  be enough a v a i l a b l e  from GPS, MLS, e t  c e t e r a ,  a t  
t h a t  t i m e  t o  make a l o t  o f  n a v i g a t i o n  d e c i s i o n s .  
With r e s p e c t  t o  t h e  i s s u e  o f  what  i s  t h e  p r i n c i p a l  
f a c t o r  now miss ing  t h a t  has  t a  e x i s t  f o r  p r i v a t e  c o r p o r a t i o n s  
t o  d e c i d e  t o  d e v e l o p  t h e  g e a r ,  t h i s  i s  a d i f f i c u l t  q u e s t i o n .  
Nwnber one i n  impor tance  is t h a t  it i s  a b s o l u t e l y  necessa ry  
f o r  DOD t o  commit t o  t h e  implementat ion.  I t  has  t o  be  a go 
program. There h a s  t o  be a commitment t h a t ,  excep t  i n  t h e  
e v e n t  o f  n a t i o n a l  d i s a s t e r  o r  whatever ,  t h e y  a r e  n o t  going 
to  p u r t u r b  t h e  code and t h e y  a r e  n o t  going t o  deny a c c e s s .  
A l l  w e  want i s  t h e  CA code. We unders tand  why t h e  P code 
i s  n e c e s s a r y ,  b u t  w e  r e a l l y  d o n ' t  want it. The CA code is  
f i n e  f o r  t h e  p a r t i c u l a r  a p p l i c a t i o n  t h a t  w e  have i n  mind. 
Because of ttie c o s t s  invo lved ,  it w i l l  p robab ly  be 
1 0  y e a r s  b e f o r e  a v i o n i c s  companies d e c i d e  t o  i n v e s t  i n  GPS. 
I t  would be a b s o l u t e l y  s t u p i d  f o r  a company t o  i n v e s t  t h e i r  
own money r i g h t  now i n  a low-cost  GPS r e c e i v e r  f o r  g e n e r a l  
a v i a t i o n .  They c o u l d n ' t  p o s s i b l y  se l l  it u n t i l  a l l  24 s a t e l -  
l i tes  a r e  o p e r a t i o n a l ,  and t h a t  is  s e v e r a l  y e a r s  away. I n  
a d d i t i o n ,  t h o s e  4 or  5 y e a r s  a r e  probably  go ing  t o  become b i g  
y e a r s  f o r  more advanced mic roprocessors ,  LSI, and t h i n g s  
l i k e  t h a t .  As an  example,  j u s t  i n  t h e  MLS program t h e r e  is  
a world o f  d i f f e r e n c e  between t h e  f i r s t  m i c r o p r o c e s s o r s  
a v a i l a b l e  4 o r  5 y e a r e  ago  and what i s  a v a i l a b l e  today.  
So, w p  d o n ' t  b e l i e v e  t h a t  nnw i s  t h e  t i m e  t o  deve lop  
low-coat GPS a v i o n i c s - - n o t  on your  own money. I t  i s  q u i t e  
p o s s i b l e  t h a t  t h e  Government may want t o  fund it f o r  o t h e r  
r eaeons ,  p r i m a r i l y  t o  p rove  t h a t  it can be done. F rank ly ,  I 
t h i n k  t h a t  we a r e  i n  a n  i n t e r e s t i n g  quandary  here--a Catch-22 
s i t u a t i o n .  DOD would b e  v e r y  happy i f  someone were t o  deve lop  
a low-cost receiver and p rove  t h a t  it can be done f o r  $3,000. 
Then, t h e y  c o u l d  j u s t i f y  t h e  implementa t ion  somewhat more by 
s a y i n g  it i s  i n d e e d  a n a t i o n a l  r e s o u r c e  s i n c e  r i g h t  now it is  
no? a n a t i o n a l  r e s o u r c e  f o r  non-DOD u s e r s .  
So t h a t  is t h e  Catch-22 phase.  I n d u s t r y  i s n ' t  going t o  
deve lop  it on t h e i r  own money u n t i l  t h e  t h i n g  i s  o p e r a t i o n a l ;  
and it  would be  e a s i e r  t o  g e t  it o p e r a t i o n a l  i f ,  f o r  example, 
t h e  need f o r  g e n e r a l  a v i a t i o n  is proven.  
O f  c o u r s e ,  t h e r e  a r e  o t h e r  u s e s  f o r  GPS b e s i d e s  g e n e r a l  
a v i a t i o n .  The most i m p o r t a n t ,  I t h i n k ,  i s  a  commitmect from 
DOD; and a g a i n ,  I havenf+.  heard  o f  any such commitmer:k :,et, 
b u t  I s u r e  would l i k e  t o  see one. 
The p r o s p e c t s  f o r  low-cost  GPS a v i o n i c s ,  I t h i n k ,  a r e  
v e r y  good. I n  t h e  p r o c e s s  o f  t h e i r  MLS r e c e i v e r  development,  
AEL h a s  gone t h r o u g h  a  l o t  o f  e x e r c i s e s  and looked a t  a l o t  
of a v i o n i c s  manufac tu re r s ,  e s p e c i a l l y  NARC0 ( o u r  s u b c o n t r a c t o r  
f o r  t h e  low-cost  MLS r e c e i v e r ) ,  on what t h e i r  p r o c e d u r e s  a r e  
and what t h e i r  c o s t i n g  t e c h n i q u e s  a r e .  A l s o ,  w e  have looked 
a t  t h e  t e c h n i q u e  of u t i l i z i n g  v e r y  commercial p a r t s - - t h a t  is, 
t h e  ex t remely  low-cost  s t u f f  t h a t  comes o u t  o f  TV sets, cal- 
c u l a t o r s ,  and o t h e r  such p a r t s .  
F rank ly ,  from e v e r y t h i n g  t h a t  I have seen  a t  t h i s  semi- 
n a r ,  it j u s t  d i d n ' t  l ook  low-cost enough. Ancl I am t o s s i n g  
o u t  $3,000 a l t h o u g h  t h e  f i g u r e  h a s  f l u c t u a t e d  from $2,000 t o  
$3,000 o n  a  d a i l y  b a s i s ,  depending on what k i n d s  o f  o p e r a t o r  
i n t e r f a c e s  t h e r e  a r e .  
These a r e  i n s t a l l e d  costs I am t a l k i n g  a b o u t .  You have 
t o  be  v e r y  c a r e f u l  a b o u t  t h e  i n s t a l l a t i o n  p r i c e  because  t h e  
a c t u a l  cost i s  a l o t  lower t h a n  t h a t .  You have t o  r e a l l y  
l o o k  a t  t h e  c o s t  t h a t  t h e  d i s t r i b u t o r  and t h e  i n s t a l l e r  have 
C,. --
and t h e  g r o s s  margin ,  i f  you w i l l ,  of t h e  company t h a t  manu- 
f a c t u r e s  it. 
I n  o r d e r  t o  s e l l  a $3,000 r e c e i v e r  t o  t h e  a v e r a g e  p i l o t ,  
you are r e a l l y  go ing  t o  have t o  b u i l d  it f o r  around $7500- 
loaded l a b o r  and m a t e r i a l .  Tha t  i s  j u s t  one o f  t h e  f a c t s  o f  
l i f e  i n  t h i s  i n d u s t r y .  
I n  c o n c l u s i o n ,  w e  f e e l  t h a t  a GPS r e c e i v e r  c a n  be deve l -  
oped for p r o d u c t i o n  i n  l o t  q u a n t i t i e s  o f  2,000 f o r  under 
$3,000 by 1985. 
Clark M. Neily, Jr. 
I n t e r f i e t r i c s  
As background, I n t e r m e t r i c s  i s  no t  a hardware provider  
and, f o r  t h a t  reason,  ou r  concerns tend t o  r e f l e c t  t he  
p o i n t  o f  view o f  a company which i s  l i k e l y  t o  se l l  s e r v i c e s  
t o  t h e  people  who w i l l  make t h a t  hardware. Our r o l e  i n  t he  
GPS program p r i n c i p a l l y . i n v o l v e s  s e l l i n g  nav iga t ion  perform- 
ance a n a l y s i s  s e r v i c e s  and user  sof tware ,  f o r  both user  
equipment and s imu la t ion  software.  A s  a r e s u l t ,  our answers 
t o  t h e  q u e s t i o n s  r a i s e d  by the  Moderator w i l l  be given from 
t h a t  somewhat more narrow and restrictive p o i n t  o f  view. 
From a t e c h n i c a l  p o i n t  of  view, GPS is  an e x c e l l e n t ,  
r obus t  answer t o  t h e  nav iga t ion  problem. It  h a s  high accu- 
r acy ,  design f l e x i b i l i t y ,  and g loba l  a v a i l a b i l i t y .  The ques- 
t i o n  o f  whether t h i s  i s  app rop r i a t e  i n  any sense  a t  t h i s  
p o i n t  i n  t i m e  i s  n o t  something we a r e  prepared t o  a u t h o r i t a -  
t i v e l y  address .  We a r e  concerned, though, about t h e  naviga- 
t i o n  performance, guaranteed access ,  and some s i g n a l  s t r e n g t h  
problems. 
With r e s p e c t  t o  p r i v a t e  s e c t o r  development, I n t e rme t r i c s ,  
a s  a sof tware  vendor, would l i k e  t o  see t h e  fol lowing pre- 
cond i t i ons  be fo re  c i v i l  sof tware  s t a r t s  being b u i l t  : 
. Engineering ( s imu la t ion )  s t u d i e s  t o  d e f i n e  t h e  
b a s i c  f u n c t i o n a l  and performance requirements  
f a r  t h e  fewest  des igns  f o r  t h e  l a r g e s t  user  
community 
. Software/hdrdware t r adeo f f  a n a l y s i s  t o  mini- 
mize r e c u r r i n g  hardware c o s t s  
. Standa rd i za t ion  o f  c o n t r o l  and d a t a  i n t e r f a c e s  
t o  minimize sof tware  redevelopment c o s t s  
. S t a b l e ,  d e t a i l e d ,  but  no t  c o n s t r i c t i v e  sof tware  
development s p e c i f i c a t i o n s  p r i o r  t o  development 
. Recognit ion o f  t h e  sof tware/processor  component 
a s  a s ign  i f  i c a n t  development c o s t  c e n t e r  (which 
is d i f f e r e n t  from t h e  t r a d i t i o n a l  t y p e s  of  navi- 
g a t i o n  equipment t h a t  have been pu t  i n  p lace  t o  
d a t e  on a i r c r a f t )  
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Development o f  test and c e r t i f i c a t i o n  
s t a n d a r d s  f o r  sof tware  components o f  c i v i l  
a v i a t i o n  nav iga t ion  a i d s  
With r e s p e c t  t o  t h e  recommended s imula t ion  s t u d i e s ,  
GPS is h i g h l y  amenable t o  s imula t ion .  It  i s  n o t  necessary 
t o  go o u t  and spend a g r e a t  d e a l  o f  money on a b r a s s  board 
and f l y  t h a t  around on an a i r p l a n e  i n  o r d e r  t o  g e t  a very 
good i d e a  o f  where you s t and  with  any p a r t i c u l a r  equi,pment 
design.  I f  t h e r e  a r e  q u e s t i o n s  r e l a t i v e  t o  implomenta- 
b i l i t y ,  EMI, o r  antenna coverage zones, t hey  can be resolved 
by s t anda rd  t echn iques  o f  p u t t i n g  an  antenna on an e l e c t r o -  
* 
magnetic mockup and making t h e  measurements. I don ' t  know 
whether anybody a c t u a l l y  p l ans  t o  do t h i s ,  but  s imula t ion  i n  
genera l  i s  a l o t  cheaper than  hardware development. 
The development o f  test  and c e r t i f i c a t i o n  s t anda rds  f o r  
sof tware  components i s  thought t o  be very important ,  espe- 
c i a l l y  if t h e r e  are going t o  be any uses  i n  which t h a t  i s  
f l i g h t  c r i t i c a l .  I don ' t  know t h a t  a t  t h i s  po in t  i n  t i m e  
anybody knows how t o  c e r t i f y  sof tware  a s  s a f e .  W e  can t e l l  
i f  it meets s p e c i f i c a t i o n s  and we can t e l l  i f  it meets a 
given l e v e l  o f  performance i n  a v a r i e t y  o f  d i f f e r e n t  s i t u a -  
t i o n s ,  b u t  t h e  whole bus ines s  o f  s a f e  sof tware  i s  r e a l l y  a 
new one--and somebody has  go t  t o  t h i n k  about  t h a t .  
Again from t h e  sof tware  po in t  o f  view, In t e rn l e t r i c s  
t h i n k s  t h a t  t h e  p r o s p e c t s  f o r  low-cost sof tware  a r e  e x c e l l e n t ,  
provided t h e  p rev ious ly  descr ibed  c o n d i t i o n s  a r e  m e t ,  t h e  
costs can be  made almost  nonrecurr ing,  and t h e  o r i g i n a l  devel-  
opment c o s t  can be he ld  down t o  a very  much smal le r  f r a c t i o n  
than  it has  today. I have some raw numbers which I d o n ' t  want 
t aken  s e r i o u s l y ,  b u t  t h e s e  a r e  kind o f  midway between our 
a c t u a l  exper ience  t o  d a t e  and what we t h i n k  o u r  exper ience  
should have been. It has  been our  exper ience  t h a t  t h e  c o s t  
of provided sof tware  i s  p r imar i ly  i n  t h e  des ign ,  debugging, 
v a l i d a t i o n ,  and documentation and n o t  t h e  a lgor i thm develop- 
ment o r  coding. A s  an  example, t h e  bas i c  s p e c i f i c a t i o n  and 
program f o r  a t y p i c a l  modest GPS complete set of user  naviga- 
t i o n  so f tware ,  i nc lud ing  r e c e i v e r  c o n t r o l ,  s a t e l l i t e  se lcp-  
t i o n ,  and o t h e r  miscel laneous sof tware ,  would p r e s e n t l y  ihm 
about  $100,000. The c o s t  t o  g e t  it debugged and working 
would be about  $250,000, whi le  t h e  c o s t  t o  g e t  it va l ida t ed  
and documented ( t h a t  i s ,  t o  t ake  it through some kind of a 
formal review and c e r t i f i c a t i o n  t h a t  it meets a c e r t a i n  s e t  
o f  s p e c i f i c a t i o n  r e q u i r e m e n t s ,  i n t e r f a c e  r e q u i r e m e n t s ,  etc.)  
would be a b o u t  $500,000 t o  meet c i v i l  r e q u i r e m e n t s  and on t h e  
o r d e r  o f  $ 1  m i l l i o n  t o  meet m i l i t a r y  requ i rements .  These 
c o s t s  a r e  e x p e c t e d  t o  come down i n  t h e  f u t u r e .  
The f i n a l  two comments I would make a r e  f i r s t ,  t h a t  
documentat ion,  which can  be a w f u l l y  expens ive ,  ought  t o  be 
l i m i t e d  to  t h a t  which t h e  customer a c t u a l l y  needs  t o  under- 
s t a n d  what p r o d u c t  h e  h a s  g o t  and how t o  m a i n t a i n  it, and 
no more; s e c o n d l y ,  low-cost s o f t w a r e  comes from good s p e c i -  
f i c a t i o n s  and good design--We t h i n k  t h a t  w e  can  e f f e c t  c o s t  
r e d u c t i o n s  i n  f u t u r e  b u i l d s  by s t a n d a r d i z i n g  c e r t a i n  of  t h e  
g e n e r i c  GPS s o f t w a r e  f u n c t i o n s .  
W e  f e e l  a b s o l u t e l y  c e r t a i n  t h a t  i f  t h e  c i v i l i a n  Govern- 
ment a g e n c i e s  t h a t  a r e  concerned do n o t h i n g ,  t h i s  w i l l  happen 
o f  i t s  own a c c o r d  o v e r  t h e  n e x t  few y e a r s ;  t h e r e  i s  q u i t e  
enough i n c e n t i v e  t o  do t h i s ;  and it w i l l  be done. 
And we a r e  n o t  concerned a b o u t  g e t t i n g  it done. I n  sum- 
mary, from t h e  s o f t w a r e  p o i n t  of view, o u r  c o n c l u s i o n s  a r e :  
s o f t w a r e  c a n  be expens ive ,  b u t  it d o e s n ' t  have t o  be. 
Paul Gralnick 
A i r c r a f t  Radio and Control  
I n  response t o  t h e  Moderator 's ques t ion  about  t h e  GPS 
a s  a c i v i l  a v i a t i o n  nav iga t ion  system, t h e  b a s i c  ques t ion  
t h a t  comas t o  my mind is, What u se r  b e n e f i t  i s  t h e r e ?  
There h a s  t o  be t h a t  f o r  t h e  c i v i l  s e c t o r  t o  use  it. The 
p r e s e n t  systems f o r  gene ra l  a v i a t i o n  and a i r  t r a n s p o r t  seem 
t o  be adequate. We have the  r o u t e  s t r u c t u r e s ,  ILS ,  VOR, 
DME. And t h e y  work, so what a r e  w e  going t o  g e t  ou t  of  GPS? 
I f  GPS had been fofmulated 30 y e a r s  ago, maybe t h e r e  
wouldn't  be VOR/DME and t h e  rest because GPS seems t o  have 
it a l l .  It h a s  what t h e  m i l i t a r y  needs, and I th ink  t h e  
m i l i t a r y  w i l l  go ahead wi th  it. There is ,  however, an 
enormous d o l l a r  commitnent t o  VOR/DME i n  t h e  c i v i l  s e c t o r .  
The FAA has  t h a t  commitment. The whole 9 ,zneral  a v i a t i o n  
f l e e t  i s  equipped w i t h  k t .  And I d o n ' t  t h ink  it i s  r a t i o n a l  
t o  t h i n k  t h a t  t h a t  i s  going t o  change i n  a b i g  hurry,  even 
i f  GPS were a v a i l a b l e  today. Thus, it w i l l  be t h e  u se r  who 
w i l l  decide .  
I f  w e  can  produce t h e  equipment and it can do t h e  th ing  
f o r  t h e  u s e r ,  then  I t h i n k  it w i l l  f l y .  
Also, I t h i n k  what manufacturers such a s  o u r s e l v e s  w i l l  
do i s  look a t  GPS; see what t h e  r e s u l t s  of  t h e  m i l i t a r y  expe- 
r i e n c e  have been; c a u t i o u s l y  i n v e s t ;  and, i f  t h e r e  is good 
b e n e f i t ,  t hen  produce t h e  products.  
There are some key p o i n t s ,  though, worth reechoing.  The 
f i r s t  is ,  What w i l l  t h e  l e g i s l a t i v e  environment be f o r  i? 
W i l l  t h e r e  be r o u t i n g s ,  procedures,  and ATC problems so r t ed  
ou t  by t h e  FAA? And they  a r e  n o t  unique t o  GPS. 
W e  a r e  going ts a g loba l  base system, and it i s  going 
t o  change t h e  way t h e  p i l o t  i n t e r f a c e s  wi th  t h e  system. 
There has  t o  be very  c l e a r - c u t  a v a i l a b i l i t y .  That has t o  
be s e t t l e d .  Poss ib ly  t h e  system w i l l  t i e  i n t o  o t h e r  t h i n g s  
and produce o t h e r  r e s u l t s  t h a t  w e  don ' t  see today,  and I 
cou ldn ' t  begin  t o  gues s  what they  might be. 
My f e e l i n g  a t  t h i s  p o i n t  i n  terms o f  investment on the  
p a r t  o f  t h e  Government and t h e  c i v i l  s e c t o r  is  t o  t a k e  a "wait 
and see" a t t i t u d e  and t o  upgrade t h e  c u r r e n t  VOR/DME system 
f o r  more p r e c i s i o n  approaches and b e t t e r  nonprec i s ion  
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approaches. T h i r  i s  because VOR/DME is he re  today,  and GPS 
is a long way o f f .  
With regard  t o  t h e  c o s t i n g ,  i n  my opin ion  t h e  co r~~pe t i -  
t ive marketplace w i l l  settle t h e  cos t ing .  During the  p a s t  
2 days ,  we  have heard  a wide spectrum o f  insurmountable 
problems t o  g e t  t h e  p r i c e  d ~ w n  t o  $3,000. They are not 
insurmountable,  and rome o f  t h e  problems t h a t  have been 
brought up as t h i n g s  t h a t  would have t o  be addressed by gen- 
eral  a v i a t i o n  a l r e a d y  a r e  addressed by gene ra l  av i a t i on .  
We d o n ' t  know what t h e  technology i s  going t o  be 5 yea r s  
from now. Experience is  a teacher .  Our $3,000 t ransponder  
is going t o  c o s t  $600, and ou r  $5,000 GPS r e c e i v e r  might c o s t  
$600. We d o n ' t  know. But i f  t h e r e  i s  a marketplace  and 
t h e r e  seems t o  be a need f o r  it, when t h e  l e g i s l a t i v e  and t h e  
a v a i l a b i l i t y  s i t u a t i o n s  are s e t t l e d ,  then w e  w i l l  manufacture. 
I w i l l  n o t  go i n t o  t h e  d e t a i l s  of  what o u r  marketplaces  
l ook  l i k e ;  b u t  f o r  t h e  co rpo ra t e  o p e r a t o r  who o p e r a t e s  a G-2 
o r  $6 m i l l i o n  jet, i f  he i s  going t o  f l y  t r ansocean ic ,  
$100,000 is n o t  expensive.  For someone wi th  a $35,000 air-  
p lane ,  $1,000 i s  expensive;  and he i s  going t o  p l ace  h i s  
p r i o r i t i e s  where he feels they  b e s t  se rve  h i s  needs. 
My own p e r s o n a l  f e e l i n g  on GPS i s  it i s  a very good 
system, i f  it works. I d o n ' t  know t h e  d e t a i l s  of  how much 
accuracy w e  can  ach ieve ,  b u t  I t h i n k  some of  t h a t  w i l l  come 
o u t  i n  t h e  t e s t i n g  w e  w i l l  see.  I t h i n k  it i s  a good over- 
l a y  system. However, i f  it f a i l s ,  it f a i l s  hard--50 p i l o t s  
on a n  approach s imul taneous ly  can l o s e  what t hey  need. That 
is  n o t  a problem when our  c u r r e n t  system f a i l s  s o f t .  There 
is  one advantage t o  having a d i v e r s i f i e d  system: it comes 
down a l i t t l e  b i t  a t  a t i m e .  You d o n ' t  l o a e  everybody i n  
t h e  systern. 
DISCUSSION 
M r .  S c h m i t t  - Bared on what I have heard a t  t h i s  and 
o t h e r  meet ings ,  I d o n ' t  t h i n k  you have t o  s t r e t c h  a p o i n t  a 
g r e a t  d e a l  i n  order t o  p e r c e i v e  t h a t  maybe some people  a r e  
r e a l l y  t h i n k i n g  o f  GPS as an ILS. I t  seems t h a t  everybody 
is t r y i n g  t o  d o  e v e r y t h i n g  w i t h  t h e  system, and h a l f  t h e  
b a t t l e  i e  t o  make your  system t h e  dominant one and wipe o u t  
a l l  t h e  o t h e r s .  
M r .  Winb1,ade - I have heard  c o m n t s  to  t h a t  e f f e c t .  
Mr. Ralph E. T a y l o r ,  NASA/~oddard Space F l i q h t  Cen te r  - 
~ ~ ~ ~ / b d d a r d  h a s  t a k e n  a look a t  t h e  l and / sea  a p p l E a w - -  
bu t  n o t  t h e  a i r b o r n e  a p p l i c a t i o n - - o f  t h e  NAVSTAR- GPS. One of  
o u r  t h o u g h t s  was t o  t a k e  t h e  p r e s e n t  sys tem and add a n o t h e r  
s a t e l l i t e  i n  t h e  g e o s t a t i o n a r y  o r b i t  i n  o r d e r  t o ,  p r i m a r i l y ,  
c u t  t h e  c o s t  o f  t h e  u s e r  t e r m i n a l  as w e l l  a s  t o  h e l p  t h e  u s e r  
on t h e  ground. The r e s u l t s  looked q u i t e  encouraging.  
D r .  Hemesath - I would f i r s t  p o i n t  o u t  t h a t  t h e r e  w i l l  
be a v e r y  s u b s t a n t i a l  d i f f e r e n c e  between t h e  l a n d / s e a  r e q u i r e -  
ments and t h e  a i r b o r n e  requ i rements .  Secondly,  I assume when 
you s a y  2 ,500  b y t e s  o f  memory--that i s ,  1,250 1 6 - b i t  words-- 
t h a t  i s  t h e  comple te  GPS s o l u t i o n ,  n a v i g a t i o n  a l g o r i t h m s  and 
a l l .  
Some o f  u s  missed t h e  boa t .  
M r .  Schmi t t  - When w e  t a l k  a b o u t  t h e  g e o s t a t i o n a r y  s a t e l -  
l i t e ,  it shou ld  be remembered t h a t  a g r e a t  p o r t i o n  o f  t h e  gen- 
e r a l  a v i a t i o n  equipment  produced i n  t h i s  c o u n t r y  i s  expor ted .  
I f  you want GPS t o  o c c u r  h e r e ,  you had better a d d r e s s  t h e  
i n t e r n a t i o n a l  market  and i n t e r n a t i o n a l  coverage  w i t h  geos tn -  
t i o n a r y  s a t e l l i t e s .  
Also ,  I would b e l i e v e  from your numbers t h a t  GPS h a s  
suddenly  becorrie less c o s t l y  t h a n  LORAN-C. I d o n ' t  b e l i e v e  
t h a t  i s  e v e r  g o i n g  t o  happen. 
I am f r a n k l y  n o t  impressed w i t h  costs u n t i l  you g e t  
down t o  making t h e  equipment.  These costs a r e  a l l  based 
on g r o s s  assumpt ions .  For  example, it is  a gross assumption 
t h a t  everybody is  going t o  need t h a t  h i g h - s t a b i l i t y  o s c i l -  
l a t o r .  From what I have seen  s t u d y i n g  t h e  sys tem,  t h e r e  is 
a l o t  more g o i n g  on and a l o t  more t o  come o u t  t h a n  peop le  
w i l l  l e t  you know abou t .  
We h e a r d  d i s c u s s i o n s  t o d a y  a b o u t  knockin  t h e  h igh -  
s t a b i l i t $ b s c i l l a t o r s  down from a  p a r t  i n  10-8 t o  a  p a r t  i n  
10-7. W e  a t e  7, 8 ,  9 y e a r s  away from hav ing  equipment  on  
t h e  marke t .  A t  t h a t  ra te ,  w e  won ' t  even  need a n  o s c i l l a t o r .  
D r . .  He s a t h  - Ope l a s t  comment a b o u t  t h e  g e o s t a t i o n a r y  
sate1 .I t  war, p o i n t e d  o u t  t h e r e  a r e  some prob-  
lems i n  a  g l o b a l  s e n s e  t h e r e .  But a p a r t  from t h a t ,  t h i s  
n o u l d  imp ly  t h a t  e a c h  a i r c r a f t ,  t o  g e t  t h e  i n i t i a l i z a t i o n  
d a t a  t h a t  you  r e f e r  t o ,  would have  a  f a i r l y  s o p h i s t i c a t e d  
receiver o r  d a t a  l i n k  s y s t e m  on  boa rd  b e c a u s e  you need t o  
t r a n s f e r  d a t a  and  t i m e  w i t h  g r e a t  a c c u r a c y .  
I would b e  s u r p r i s e d  i f  t h a t  r e c e i v e r  i t s e l f  w e r e n ' t  
e q u a l  i n  cost  t o  t h e  GPS set ,  o r  v e r y  close t o  it. 
M r .  S c h m i t t  - I would l i k e  t o  make a  r e a l  s t r o n g  p o i n t  
h e r e .  We have  an  RNAV s y s t e m  on t h e  marke t .  I t  h a s  a n  a l l  
s o l i d - s t a t e  DME i n  it, a  VOR, comple t e  ILS, a n  RNAV computer ,  
and t h e  d i s p l a y ,  t h e  whole  works. I t  o n l y  r e q u i r e s  t h r e e  
i n c h e s  o f  p a n e l  h e i g h t g o a n d  it se l ls  f o r  $5,000 l i s t ,  which 
is a v e r y  a t t r a c t i v e  p r i c e .  
I f  o n e  i s  t o  b e l i e v e  t h e  CPS cost t h a t  w e  h e a r  band ied  
a r o u n d ,  VORJDME i s  twice as  complex a s  GPS s i n c e  d o l l a r s  
and c o m p l e x i t y  a r e  q u i t e  t h e  same t h i n g .  I d o n ' t  b e l i e v e  it. 
M r .  T. K. V i c k e r s ,  The J o u r n a l  o f  A i r  T r a f f i c  C o n t r o l  - 
When w e  are l i s t e n i n g  t o  sa te l l i t es ,  d o n ' t  w e  need  a  v e r y  
h i g h  g a i n  a n t e n n a  a n d ,  i f  so,  i s  it f e a s i b l e  t o  i n s t a l l  s u c h  
t h i n g s ,  a e r o d y n a m i c a l l y ,  o n  o u r  l i g h t e r  a i r c r a f t ?  
D r .  Hemesath - You d o  n o t  need  a h igh -ga in  a n t e n n a .  The 
i d e a l  a n t e n n a  would b e  o n e  w i t h  u p p e r  h e m i s p h e r i c  c o v e r a g e .  
HOW a c h i e v a b l e  t h a t  i s  i s  some th ing  else,  a l t h o u g h  t h e r e  are 
some d e s i g n s  t h a t  h a v e  been  used  i n  t h e  Phase  I Program t h a t  
come s u r p r i s i n g l y  close t o  t h a t .  
With r e s p e c t  t o  t h e  ae rodynamics  o f  i n s t a l l a t i o n ,  t h e r e  
i s  n o  r e a s o n  why a n  a n t e n n a  o f  t h a t  k i n d  c o u l d n ' t  b e  con fo rma l .  
M r .  Hui - I would l i k e  f o r  M r .  G r a l n i c k  t o  c l a r i f y  h i s  
c o m m e n t S u t  t h e  n a t u r e  o f  t h e  c u r r e n t  VOR f a i l u r e s  b e i n g  
s o f t ,  where  h e  e n v i s i o n e d  t h a t  t h e  GPS sys t em would b e  h a r d  
f a i l u r e s ;  and I d o n ' t  q u i t e  undc s t a n d  t h a t  because ,  i f  any- 
t h i n g ,  I t h i n k  t h e  c u r r e n t  GPS sys tem i n  t h e  Phase I11 con- 
f i g u r a t i o n  w i t h  a lo t  o f  redundancy shou ld  n o t  have a  hard 
f a i l u r e .  
M r .  G r a l n i c k  - What I was r e f e r r i n q  t o  was t h a t  t h e  
t o t a l  a i r s p a c e  s y s t e m  d o e s n ' t  go down. If a  VOR o r  a  g l i d e  
s l o p e  q o s s  o f f  t h e  a i r ,  t h e  e f f e c t  o f  a  f a i l u r e  o f  t h a t  
n a t u r e  i s  l o c a l i z e d .  I d o  n o t  s u g g e s t  t h a t  t h e r e  i s  necos-  
s a r i l y  a  h a r d  f a i l u r e  mode f o r  t h e  GPS system; b u t  i f  t h e r e  
were, g l o b a l  c o v e r a g e ,  i f  t h a t  were t h e  o n l y  sys tem,  would 
be l o s t ,  and i t  c o u l d  a f f e c t  a  ve ry  wide a r e a .  
I f  s e v e r a l  s a t e l l i t e s ,  f o r  whatever  r e a s o n ,  became 
u n a v a i l a b l e ,  p e r h a p s  a  l a r g e  p o r t i o n  of coverage  would go 
down, whereas today  i n  o u r  c u r r e n t  sys tem w i t h  i t s  d i s t r i b u -  
t i v e  n a t u r e ,  a  f a i l u r e  i s  a  v e r y  l o c a l i z e d  t h i n g .  I t  i s  
s t i l l  i m p o r t a n t  t o  somebody invo lved  i n  an approach  a t  t h a t  
t i m e ,  b u t  i t  may n o t  a f f e c t  s e v e r a l  thousand a i r c r a f t .  
- There  a r e  some i n d i v i d u a l s  and o r g a n i z a -  
i n t e n d  a t  some p o i n t  i n  t h e  n e a r  f u t u r e  t o  use  
GPS i n  a way which w i l l  make it a b s o l u t e l y  f l i g h t - c r i t i c a l  
and where i t  would be  e x c e e d i n g l y  e m b a r r a s s i n g  t o  have an  
o u t a g e  o v e r  a c o n s i d e r a b l e  p o r t i o n  o f  t h e  g l o b e .  
A s  f a r  a s  w e  c a n  t e l l ,  t h e  o n l y  t y p e  o f  f a i l u r e  t h a t  w e  
a r e  v u l n e r a b l e  t o  t h a t  w e  would e x p e c t  t o  a f f e c t  t h e  system 
a s  a  whole i s  a  f a i l u r e  i n  t h e  c o n t r o l  segment t h a t  t r a c k s  
and u p d a t e s  t h e  s a t e l l i t e s .  
I f  such a  f a i l u r e  were t o  o c c u r ,  it would be  some hours  
b e f o r e  t h e  s a t e l l i t e s  began t o  become s e v e r e l y  unusab le  f o r  
most u s e r s ,  and t h e  f a c t  would be obvious .  
Now, i t  might  be a  c o n t i n u i n g  inconven ience  t o  somebody 
who wanted t o  70 somewhere and needed t h i s  sys tem and c o u l d n ' t  
90 But I don1 t t h i n k  you would have a  s i t u a t i o n  where some- 
body would g e t  c a u g h t  i n  m i d s t r i d e  and  b e  embarrassed  s e v e r e l y  
r i g h t  a t  t h a t  moment. 
A P a r t i c i p a n t  - I would j u s t  l i k e  t o  make a  comment on 
t h a t .  S e v e r a l  months ago ,  Newsweek Magazine d i d  a  s p e c i a l  
on " S o v i e t  S a t e l l i t e  Killer Technology." The s a t e l l i t e s  
be ing s h o t  o u t  of t h e  s k y  were GPS' s.  
Mr. R icha rd  Ew L c s l i e ,  Aerospace  C o r p o r a t i o n  - I would 
l i k e  t o  t a l k  a  l i t t l e b i t  a b o u t  the  v u l n e r a b i l i t v  o f  t h e  GPS 
s y s t e m  i t s e l f .  Mr. N e l l y  ment ionad  some th ing  ab&t  t h c  
autonomy o f  t h e  s a t e l l i t e  sys t em r e l a t i v e  t o  t h e  ground con- 
t r o l  segment .  
We f u l l y  i n t e n d  by Phase I11 t o  have  a a o f t - f a i l u r e  mode 
w i t h i n  t h e  GPS s y s t e m  i n  t h a t  i f  t h e  Mas te r  C o n t r o l  S t a t i o n  
or t h e  N a t i o n a l  C o n t r o l  C e n t e r  is  somehow i n c a p a c i t a t e d ,  t h e  
s a t e l l i t e s  w i l l  m a i n t a i n  good c l o c k  d a t a  f o r  a p e r i o d  o f  up 
t o  a  week, w i t h  d e g r a d e d  a c c u r a c y ,  p e r h a p s  20 meters i n  
t h r e e  d imens ions .  
The second  p o i n t  r e l a t i v e  t o  o u t a g e s  of t h e  s a t e l l i t e s  
t h e m s e l v e s  d u e  t o  f a i l u r e s  o f  r e d u n d a n t  components  i s  t h a t  
b e f o r e  t h e  Mas te r  C o n t r o l  S t a t i o n  c a n  e f f e c t  a  t r a n s f e r  o f  
t h e  r e d u n d a n t  u n i t  i n t o  o p e r a t i o n ,  we have computed f o r  t h e  
2 4 - s a t e l l i t e  c o n f i q u r a t i o n  i n  Phase  I11 w i t h  a 50 p e r c e n t  
g l i t  r a t e - - t h a t  i s ,  50 p e r c e n t  of t h e  t i m e  there i s  one  satel-  
l i t e  t h a t  i s  i n c a p a c i t a t e d  f o r  o n e  r e a s o n  or  a n o t h e r ,  w e  w i l l  
a c h i e v e  100  p e r c e n t  c o v e r a g e  o f  t h e  e n t i r e  g l o b e .  
I f  t h e r e  a r e  t w o  s a t e l l i t e s  o u t  a t  a n y  g i v e n  time, t h e r e  
w i l l  be  what de c a l l  a GDOP h o l e  t h a t  w i l l  o c c u r  a t  t h e  Nor th  
P o l e .  
I t  w i l l  n o t  e v e r  move from t h e  North P o l e ,  and t h a t  GDOP 
h o l e  w i l l  be  t h e r e  o v e r  t h e  Nor th  P o l e  f o r  as  l o n g  as  t h e r e  
are two s a t e l l i t e s  o u t ,  
Our t r i g g e r  p o i n t  f o r  r e1 ; l en i sh ing  t h e  s a t e l l i t e  sys t em 
is  when o n e  s a t e l l i t e  i s  o u t ,  two s a t e l l i t e s  w i l l  go  up on 
t h e  s p a c e  s h u t t l e .  W e  a r e  assuming  anywhere be tween  a 2-1/2 
t o  6 - l / ?  month p e r i o d  o f  t i m e  f o r  r e p l e n i s h m e n t  o n c e  w e  g e t  
down t o  2 3  s a t e l l i t e s .  
The o t h e r  p o i n t  i s  t h a t ,  l e t ' s  say t h e r e  are t h r e e  s a t e l -  
l i t e s  o u t  and  t h e r e  i s  a  GDOP h o l e  somewhere else i n  t h e  wor ld  
o t h e r  t h a n  t h e  N o r t h  P o l e  o r  t h e  Sou th  P o l e .  
Depending on  t h e  s a t e l l i t e  t h a t  i s  o u t ,  you w i l l  know, 
p r e d i c t a b l y ,  a s  a f u n c t i o n  o f  t i m e  d u r i n g  t h e  d a y ,  where t h e  
GDOP h o l e  e x i s t s ;  and I would t h i n k  t h a t  t h i s  i n f o r m a t i o n  
c o u l d  be d i s s e m i n a t e d  t o  p e o p l e  who are a t t e m p t i n g  f l i g h t -  
c r i t i c a l  items u s i n g  GPS. 
Nei2 - With r e r p e c t  to  Nbil ler  satellite^,^ a  sub- stant-m r o f  t h e  2 4  r a t e l l i t e r  muat bocome nonopera-  
t i o n a l  t o  r e a l l y  a ~ r i o u s l y  b a g i n  t o  i n t e r f e r e  w i t h  o p e r a t i o n s .  
I am p e r r o n a l l y  a l i t t l e  s k e p t i c a l  o f  how close t h e  
Rusa iana  a r e  t o  an  o p e r a t i o n a l  sys tem.  T h a t  i s ,  o f  c o u r s e ,  
t an t amoun t  t o  a n  a c t  o f  war; and i f  t h a t  happonr ,  wa have 
o t h e r  problems a s  wall. 
Z e  t o  t h e  f a c t  t h a t  t h e  GPS rys -  
- 
t e m  i a  a  ays tem d e s i g n e d  t o  meet m i l i t a r y  r e q u i r e m e n t s .  I 
b e l i e v e  he  was a s k i n g  t h e  q u e s t i o n ,  Why a r e n ' t  w e  l o o k i n g  a t  
t e c h n i q u e s ,  m e t h o d o l o g i e s ,  and p r o c e s s e s  by  which w e  c a n  
o p t i m i z e  GPS f o r  c i v i l  u s e s ?  
I would l i k e  t o  c o m e n t  on what t h e  Department  o f  Trans-  
p o r t a t i o n  i s  d o i n g  i n  this r e g a r d .  One o f  o u r  c u r r e n t  a c t i v i -  
t ies  i s  t o  a s s e m b l e  a  GPS R&D p l a n  and  a c t i v i t y .  Some o f  t h e  
a r e a s  we a r e  l o o k i n g  a t  a r e  low-cos t  GPS r e c e i v e r  d e s i q n s ,  
p r o p a g a t i o n  RFI, and  many o t h e r  c r i t i c a l  a r e a s  o f  t echno logy .  
We are  a l s o  examin ing  a l t e r n a t e  GPS s i y n a l  s t r u c t u r e s  i n  t h e  
hope o f  r e d u c i n g  cost  t o  t h e  c i v i l  u s e r .  M r .  S c h m i t t  made 
t h e  comment t h a t  h e  d i d  n o t  f e e l  t h a t  t h i s  was a  f r u i t f u l  
a r e a  o f  endeavor .  
I would l i k e  t o  have him a d d r e s s  t h i s  comment. 
M r .  S c h m i t t  - I have h e a r d  some o f  t h e s e  comments abou t  
new s m s t r u c t u r e s ,  and I d o  n o t  have a v e r y  h i g h  o p i n i o n  
o f  them. F r a n k l y ,  f rom what  I have s e e n  i n  t h e  GPS sys tem,  
I d o n ' t  t h i n k  anybody c o u l d  have come up w i t h  a  b e t t e r  s y s -  
t e m  t h a n  t h e  S p r e a d  Spec t rum System. 
F r a n k l y ,  it j u s t  i n h e r e n t l y  b o t h e r s  m e  t h a t  when t h e  
m i l i t a r y  w a n t s  t o  p u t  up a  s a t e l l i t e  n a v i g a t i o n  sys t em and 
it meets t h e i r  n e e d s ,  t h e  n e x t  t h i n q  t h a t  i s  s a i d  is, "The 
c i v i l i a n s  c a n  u s e  t h e  sys t em f o r  f r e e  s i n c e  t h e  m i l i t a r y  p a i d  
f o r  t h e  s a t e l l i t e s " ;  and t h i s  l e a d s  t o ,  "The s a t e l l i t e s  a r e  
f o r  f r e e ,  so l e t ' s  see i f  w e  can  f i n d  a  s p o t  t o  p u t  on a 
c i v i l i a n  s a t e l l i t e  n a v i g a t i o n  sys t em some th ing  t h a t  is  
d i f f e r e n t .  
I am p e r f e c t l y  s a t i s f i e d  w i t h  what  t h e  m i l i t a r y  i s  do ing .  
I t h i n k  w e  need  t o  g e t  on  w i t h  it. I f  w e  s t a r t  d e v e l o p i n g  
a new r i g n a l  r t r u c t u r e ,  we w i l l  p u t  t h e  whole program back a 
minimum o f  5 a n d  p r o b a b l y  1 0  y e a r r .  
M r .  Gutwain - I b e l i e v e  t h e  n e x t  p h a s e  o f  GPS, Phase  11, 
c o n t e m p l a t e s  a s y s t e m  o f  s i x  more s a t e l l i t e s  o r  t h o r e a b o u t s .  
The u l t ima te  g o a l  o f  t h e  Department  o f  T r a n s p o r t a t i o n  
r i g n a l  r t r u c t u r e  a c t i v i t y  is  aimed a t  a t i m e  s c h e d u l e  f o r  
t h e  1981-1985 p e r i o d  f o r  Phase  111 o f  GPS when t h e  sys t em 
p r o g r e s s e s  i n t o  i t s  f i n a l  phase  o f  i m p l e m e n t a t i o n  a n d ,  when 
p o s r i b l e ,  d e s i g n  c h a n g e s  c a n  s t i l l  be  made. 
Tha i d e a s  t h a t  w e  are l o o k i n g  a t  f o r  t h e  c i v i l  u s e r  a r e  
a r e a s  t h a t  w e  f e l t  have n o t  been p r o p e r l y  c o n a i d e r e d  i n  t h e  
o p t i m i z a t i o n  o f  t h e  s y s t e m  f o r  t h e  m i l i t a r y  r e q u i r e m e n t .  I t  
i n  a n  a c t i v i t y  where  w e  would l i k e  t o  k e e p  an  open  mind and 
p o u r i b l y  l o o k  a t  o t h e r  c o n c e p t s  and  a p p r o a c h e s  t h a t  might  
lead t o  lower c o s t a  f o r  t h e  g e n e r a l  c i v i l  a v i a t i o n  u s e r ,  t h e  
maritime u s e r ,  a n d  t h e  p o t e n t i a l  land u s e r  ~f t h e  sys tem.  
Kr. S c h m i t t  - L e t  m e  add t o  t h a t  a  l i t t l e  b i t .  Given 
t e n  e n g i n e e r s  a n d  o n e  problem,  w e  u s u a l l y  a r r i v e  a t  a t  l e a s t  
t e n  d i f f e r e n t  s o l u t i o n s ,  f i v e  o f  which are v e r y  n e a r l y  o p t i -  
mum. 11. n p o l i t i c a l  s e n s e ,  it i s  n o t  too i m p o r t a n t  which one  
o f  t h o s e  you t a k e ;  f u r t h e r m o r e ,  i f  you j u s t  want  t o  g e t  w i t h i n  
90 p e r c e n t  o f  optimum, which  i s  p r o b a b l y  c l o s e r  t h a n  w e  e v e r  
get i n  r e a l i t y ,  y o 3  c a n  p r o b a b l y  p i c k  a b o u t  s e v e n  o f  t h o s e  t e n  
sys t ems .  
You know, t h e  m i l i t a r y  h a s  t h o u g h t  a b o u t  t h i s  t h i n g  
p r e t t y  c a r e f u l l y .  They have much t h e  same problems as  w e  do .  
They have  low-cost equipment  n e e d s ,  t o o .  Of c o u r s e ,  l o w  cost 
t o  them i s  n o t  t h e  same a s  low cost  t o  u s ;  b u t  f o r  y e a r s  
g e n e r a l  a v i a t i o n  and  t h e  m i l i t a r y  have used  t h e  same nav iga -  
t i o n  s y s t e m s ,  a n d  t h e i r  equipment  c o s t s  $20,000,  w h i l e  oars 
c o s t a  $2,000.  T h e r e  i s  n o t h i n g  new a b o u t  t h a t .  
A l though  it i s  a g u t  f e e l i n g ,  I b e l i e v e  t h e  s y s t e m  we  
have h a s  been  s t u d i e d  a  g r e a t  d e a l ;  b u t  i t  i s  a l w a y s  v u l n c r -  
able t o  s y s t e m s  t h a t  have  n o t  been  s t u d i e d  a s  c a r e f u l l y .  
A P a r t i c i p a n t  - I would l i k e  t o  comment on t h a t  s i g -  
n a l  s t r u c t u r e  c o n s i d e r a t i o n ,  and I am n o t  s u r e  i f  I am i n  
t o t a l  a g r e e m e n t  w i t h  M r .  S c h m i t t .  I b e l i e v e  t h a t  t h e  sys t em 
c o u l d  b e  improved and  t h a t  t h e r e  a r e  t h i n g s  t h a t  c o u l d  b e  done 
t o  t h e  r i g n a l  t h a t  would rnaka a c q u i s i t i o n  a l o t  s i m p l e r  and 
would r e d u c e  ha rdware .  Of  c o u r s e ,  it w r y  well may set back 
t h e  m i l i t a r y  program i f  c e r t a i n  t h i n g s  would happen s i n c e  two 
r a t e l l i t e r  are a l r e a d y  up t h a r e .  
Bu t  t h e  p o i n t  i n  t h a t  it c o u l d  r e s u l t  i n  a GPS r e c e i v e r  
t h a t  would e e l 1  f o r  well under  t h e  numbers t h a t  w e  have p re -  
v i o u r l y  d i s c u r a e d .  
T h e r e  a r e  a  whole  l i s t  o f  t h i n g s  t h a t  c o u l d  c o n c e i v a b l y  
be done .  We are n o t  a a y i n g  t h e y  c a n ' t  be done;  we a r e  j u s t  
s a y i n g  t h a t  it would set  t h e  m i l i t a r y  sys t em back.  
I t h i n k  t h e  GPS s y s t e m  was o r i g i n a l l y  d e s i g n e d  t o  be 
q u i t e  d i f f i c u l t  t o  detect and  t o  a c q u i r e ,  and t h a t  is  n o t  
t o t a l l y  c o n s i s t e n t  w i t h  what  g e n e r a l  a v i a t i o n  wants .  
G e n e r a l  a v i a t i o n  c e r t a i n l y  d o e s  n o t  want a r i g n a l  t h a t  
i a  d i f f i c u l t  t o  detect and  a c q u i r e .  They want s o n e t h i n g  
t h a t  i s  e a s y  t o  detect and  a c q u i r e .  The re  a r e  ways o f  mak- 
i n g  it easier, i f  t h a t  were r e a l l y  desired. 
D r .  Hemesath - I agree t h a t  t h e r e  are p e r h a p s  some 
changes  t h a t  c o u i d  be made t o  t h e  s i g n a l  s t r u c t u r e  t h a t  
would r e s u l t  i n  some s i m p l i f i c a t i o n  i n  t h e  r e c e i v e r .  I t h i n k  
there i s  l i t t l e  d o u b t  a b o u t  t h a t ,  and  I d o n ' t  t a k e  i s s u e .  
However, I would l i k e  t o  t r y  t o  p u t  t h i s  i n t o  p r o p e r  pe r spec -  
t i v e .  I r e f e r r e d  e a r l i e r  t o  t h e  b u s i n e s s  a b o u t  t h e  cost o f  
t h e  r e c e i v e r  b e i n g  50 p e r c e n t  o f  t h e  t o t a l  i n s t a l l e d  cost i n  
an a i r p l a n e ,  So i f  you  get  it f o r  n o t h i n g ,  you a r e  s t i l l  
o n l y  h a l f w a y  t h e r e  o n  a m a j c r  problem.  I t h i n k  it o u g h t  t o  
be u n d e r s t o o d  t h a t  t h e r e  i s  a s u b s t a n t i a l  o v e r h e a d  t h a t  comes 
w i t h  s a t e l l i t e  n a v i g a t i o n ,  r e g a r d l e n s  o f  t h e  s i g n a l  s t r u c t u r e .  
S a t e l l i t e s  move, a n d  you  have  t o  d e a l  w i t h  t h a t  problem. T h i s  
means you need  v e r y  p r e c i s e  o r b i t a l  i n f o r m a t i o n ,  ancl to  get 
t h a t  means you  need  d a t a .  
I n  t h i s  s y s t e m ,  t h i s  d a t a  c a n  be o b t a i n e d  from t h e  down 
l i n k  or from a n  a l t e r n a t e  c h a n n e l .  S i n c e  t h e  a c c u r a c y  o f  
t h e  o rb i t a l  e l e m e n t s  d e c a y s  v e r y  r a p i d l y - - i t  i s  a one-hour 
p r o p o s i t i o n - - i t  i s  a r e a l  d a t a  t r a n s m i s s i o n  problem t o  sup-  
p o r t  t h e  s a t e l l i t e  n a v i s a t i o n  p r o c e s s  i f  t h e  down l i n k  d o e s  
n o t  s u p p l y  t h i s  d a t a .  X t  is n complex problem. There  i s  
t h i s  o v e r h e a d  c l e m e n t  t h a t  must be dealt  w i t h ,  f o r  which  t h e r e  
is no  c o u n t e r p a r t  i n  VOR, DME, LORAN-C, or Omega. 
The o t h e r  a o m e n t  I want t o  make i s  t h a t  t h e r e  have been 
a l o t  o f  very r h a r p  p e ~ p l e  over  t h e  las t  15  y e a r s  who have 
been working on r i g n a l  formats  f o r  sa te l l i t e  nav iga t ion ,  and 
a l o t  o f  d o l l a r 8  have been spent  on t h a t  problem. 1 agree  
w i t h  M r .  Schmitt  .:hat I am s a t i s f i e d  wi th  t h e  s i g n a l  format 
t h a t  t hey  developed,  a l though  it would be n i c e  i f  t h e  r e c e i v e r  
could be s impler .  
F i n a l l y ,  t h e r e  a r e  t h e  r e a l i t i e s  of  t h i s  t h ing .  Suppose 
suddenly a new, very  a t t r a c t i v e ,  u n i v e r s a l l y  agreed upon s i g -  
n a l  format were to  appear  tomorrow. Who would pay t h e  b i l l  
t h i s  t i m e  t o  p u t  it up i n  space? U n t i l  t h a t  i s s u e  is  addressed, 
I th ink  it i s  n o t  very  f r u i t f u l  t o  t a l k  about  a l t e r n a t e  s i g n a l  
s t r u c t - r e s .  
M r .  Neily - I have a comment t h a t  I would l i k e  t o  make 
- 
on t h a t ,  too. As we understand t h e  c u r r e n t  development p lan ,  
we a r e  now a l m r t  a t  t h e  midpoint o f  Phase I1 where t h e  four  
main GPS vendor& are about t o  be reduced t o  two. Those t w o  
vendors are goin9 t o  c a r r y  i n t o  product ion candida te  user  
equipment des ign# ,  one s e t  o f  which w i l l  t hen  be chosen f o r  
deployment by t h e  m i l i t a r y .  While it i s  t r u e  t h a t  t h e  
Phase I1 c o n s t e l l a t i o n  o f  s a t e l l i t e s ,  of  which h a l f  arc now 
about t o  be i n  p l a c e ,  a r e  n o t  i n  mechanical des ign  and so on 
t h e  Phase I11 o p e r a t i o n a l  s a t e l l i t e s ,  t h e r e  has  n o t ,  so fa r  
a s  I know, been any t a l k  t h a t  f o r  Phase I11 t h e  m i l i t a r y  w i l l  
change i t s  c u r r e n t  s i g n a l  s t r u c t u r e  over  what they have now. 
A l l  of  t h e  very,  ve ry  c o s t l y  des ign  d e c i s i o n s  011 whose equip- 
ment to  " take  forward" a r e  going t o  be based on des igns  and 
f i e l d  test demonstra t ions  t h a t  a r e  based on t h a t  s i g n e l  
s t r u c t u r e .  
It might be p o s s i b l e  t h a t  somebody could t a l k  t h e  DOD 
i n t o  adding a box or p u t t i n g  an a d d i t i o n a l  modulation on 
e x i s t i n g  s i g n a l s ,  when we get t o  Phase 111, which would be 
f o r  c i v i l i a n  u r e  and which would have b e t t e r  q u a l i t i e s  from 
t h e  p o i n t  of view of  low-cost des ign.  I f  t h e y  do t h a t ,  t h e  
i ndus t ry ,  p a r t i ~ u l a r l y  t h a t  p a r t  of  t h e  i n d u s t r y  which i s  n o t  
a l r eady  making CPS equipment and h a s n ' t  had t h e  4 o r  5 yea r s '  
exper ience,  would be e s s e n t i a l l y  s t a r t i n g  a new development. 
They a r e  n o t  going t o  have a v a i l a b l e  f o r  t h e i r  use s tandard-  
i z e d  p a r t s  and p i e c e s  which have grown up a s  a r e s u l t  of t h e  
Phase I1 and XI1 m i l i t a r y  designs .  They w i l l  have t o  do sone- 
t h i n g  a l i t t l e  d i f f e r e n t ,  and I f i n d  it hard t o  be l i eve  t h a t  
t h a t  i s  c o s t - e f f e c t i v e .  
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M r .  Whi t in  - M r .  S c h m i t t ,  I would l i k e  t o  s a y  t h a t  I +t h i n k  p e r  a p s  you m i r s e d  M r .  ~ o g e r s '  p o i n t ,  and pe rhaps  some 
o t h e r  p e o p l e  h e r e  d i d ,  too. H i s  p o i n t  i s  t h a t  when you con- 
s i d e r  a  n a v i g a t i o n  system--or any system--you need to  con- 
s i d e r  t h e  t o t a l  system. 
I n  t h e  case o f  t h e  GPS, i t  was des igned  w i t h  t h e  i d e a  
t h a t  t h e r e  would be few--meaning whether  t h a t  number happens 
t o  b e  1; 5; 10 ,000;  whatever--GPS r e c e i v e r s ;  t h e r e f o r e ,  you 
c o u l d  a f f o r d  t o  p u t  t h e  complexi ty  i n  t h e  s c e i v e r  r a t h e r  
t h a n  have it i n  t h e  s a t e l l i t e .  
I t h i n k  what M r .  Rogers was t r y i n g  t o  s a y  was t h a t  i f  
you were t o  s t a n d  back and l o o k  a t  t h e  t o t a l  sys tem and t h e  
requ i rements  f o r  t h e  c i v i l  market ,  you might want t o  p u t  more 
complexi ty  i n  t h e  sa te l l i t es  and have less i n  t h e  r e c e i v e r s .  
T h i s  would be p a r t i c u l a r l y  t r u e  i f  you look a t  t h e  t o t a l  
marke tp lace  which e x t e n d s  beyond t h a t  of  t h e  g e n e r a l  a v i a t i o n  
market  i n t o  t h e  m a r i t i m e  market  which i s ,  l e t ' s  s a y ,  s e v e r a l  
o r d e r s  o f  magni tude  l a r g e r  t h a n  t h e  g e n e r a l  a v i a t i o n  market .  
There  a r e  some l a n d  u s e s ,  t o o .  
When you examine t h e  sys tem from t h a t  s t a n d p o i n t ,  you 
f i n d  t h a t  you c o u l d  b u i l d  t h e  s a t e l i i t e s  and p r o r a t a  t h e  c o s t  
o f  t h e  s a t e l l i t e s  o v e r  t h e  number of  r e c e i v e r s  t h a t  a r e  pro- 
duced. S i n c e  w e  a r e  t a l k i n g  a b o u t  ve ry  l a r g e  numbers, t h e  
sa te l l i t e  cost becomes a lmos t  i n s i g n i f i c a n t  r e l a t i v e  t o  t h e  
cost o f  t h e  t o t a l  system. I f  you do t h a t ,  you may w e l l  want 
t o  go t o  a d i f f e r e n t  format  f o r  t h e  s i g n a l .  
M r .  S c h m i t t  - 1 f u l l y  e x p e c t  t h o s e  arguments ,  and I s t a n d  
by what I said e a r l i e r .  You can s t a r t  w i t h  t h e  assumption 
o f  what t h e  m i l i t a r y  w n s  t h i n k i n g ;  b u t  when you e x t r a p o l a t e  
it i n t o  what t h e  r e s u l t i n g  system was, I d o n ' t  a g r e e .  I t h i n k  
t h e  r e s u l t i n g  sys tem i s  very ,  v e r y  good. 
Mr. Leslie - I would l i k e  t o  make one comment on s i g n a l  
s t r u c t u r e .  I t  a p p e a r s  t h a t  peop le  b e l i e v e  t h a t  a  r e c e i v e r  
c a n  be s i m p l i f i e d  i f  w e  go t o  a  d i f f e r e n t  s i g n a l  s t r u c t u r e .  
D e s p i t e  t h e  f a c t  t h a t  I work w i t h  SAMSO and f o r  Aerospace 
C o r p o r a t i o n ,  I t h i n k  t h a t  probably  is t r u e .  I n  one a r e a  I 
c a n  t h i n k  o f ,  i f  w e  expanded t h e  C/A code t o  a  20-mi l l i second 
code, a s  opposed t o  b e i n g  a 1-mil. l isecond c o d e ,  it would do 
t w o  t h i n g s :  I n  t h e  f i r s t  p l a c e ,  it would improve i t s  a n t i j a m  
c a p a b i l i t y  or  r e s i s t a n c e  t o  i n t e r f e r e n c e ;  a n d ,  second ly ,  s i n c e  
abou t  20 p e r c e n t  o f  t h e  d i g i t a l  l o g i c  i n  some o f  t h e  d i g i t a l -  
impleinented receivers i s  i n  t r y i n g  t o  d e t e r m i n e  where t h e  b i t  
t r a n s i t i o n s  occur - - tha t  i s ,  i n  d a t a  demodulation--you c o u l d  
make i t s  epochs  o c c u r  e x a c t l y  where t h e  d a t a  b i t  t r a n s f e r s  
and c o u l d  v a s t l y  s i m p l i f y  t h e  r e c e i v e r .  
Thus, t h e r e  are a  l o t  o f  o t h e r  a r e a s  t h a t  w e  cou ld  l o o k  
a t ;  b u t  t h e  m i l i t a r y  h a s  k ind  of  s a i d ,  For Phases  I and 11, 
w e  a r e  g o i n g  t o  have  t h e  PN C/A c o d e s  a s  t h e y  are now, and 
p robab ly  f o r  Phase  I11 a s  w e l l ,  u n l e s s  t h e r e  is  a  r e a l  d r i v i n g  
f o r c e  t o  go t o  a n  a l t e r n a t e  s i g n a l  s t r u c t u r e .  
L e t  m e  make a comment on  what Norb Hemesath s a i d  abou t  
t h e  need t o  g a t h e r  d a t a  c o n t i n u o u s l y .  The p r imary  need t o  
g a t h e r  d a t a  c o n t i n u o u s l y  i s  one to  r e p l e n i s h  s a t e l l i t e s  a s  
t h e y  come and go. I t h i n k  t h a t  i n  Phase 111, a s  I a l l u d e d  
t o  p r e v i o u s l y ,  t h e  o r b i t a l  and c l o c k  parameter:?  w i l l  be o f  
such a c c u r a c y  t h a t  d a t a  f o r  any g i v e n  s a t e l l i t e  would be 
good f o r  a b o u t  a week fo r  p r e c i s i o n  n a v i g a t i o n .  
M r .  Schmi t t  - Won't a 20-mi l l i second code  be a  l o t  more 
d i f f i c u l t  t o  a c q u i r e  than  a  1 -mi l l i second  code s i n c e  we w i l l  
have a  code  t h a t  i s  20 times l o n g e r  t o  s e a r c h  f o r  a c q u i s i t i o n ?  
M r .  ~ e s l i e  - Yes. 
M r .  Schmi t t  - I t  d o e s n ' t  e x a c t l y  come f o r  f r e e  then ,  does  
it? 
M r .  L e s l i e  - T h a t  i s  t r u e ,  and t h a t  i s  why it r e a l l y  
h a s n ' t  been though t  o f  t o o  s e r i o u s l y  up u n t i l  now. 
But i f  w e  had a programmable matched f i l t e r  w i t h  an 
SAW d e v i c e  or a  charge-coupled  d e v i c e  f o r  a b o u t  a d o l l a r  
e a c h ,  a  20-mi l l i second  code would n o t  r e a l l y  be a  problem 
any more i n  te rms o f  t h e  t i m e  t o  a c q u i r e  t h e  s i g n a l .  But 
w i t h  o u r  p r e s e n t  s e r i a l  s e a r c h ,  it definitely is.  
M r .  Schmi t t  - I t  would s t i l l  b e  20 t i m e s  b i g g e r .  W e  
c o u l d  buy t h a t  o n e - d o l l a r  SAW f i l t e r  f o r  a  n i c k e l  i f  it was 
o n l y  a  thousand c h i p s  l o n g  r a t h e r  t h a n  20,000 c h i p s  long. 
M r .  Rhyne - I am reminded a l i t t l e  b i t  o f  a f r i e n d  who 
was g e t t i n g  a  d i v o r c e ,  and he k e p t  compla in ing t o  m e  abou t  
t h e  u n f a i r n e s s  o f  t h e  d e c r e e  a s  it was r e f l e c t i n g  h i e  p o s i -  
t i o n .  I asked him why he d i d n ' t  go back and r e n e g o t i a t e ;  
and he s a i d  e v e r y  t i m e  he d i d ,  t h o s e  two a t t o r n e y s  g o t  
t o g e t h e r  and he came o u t  worse t h a n  he was when he s t a r t e d .  
I have  t o  a g r e e  w i t h  M r .  Schmit t .  I t h i n k  t h a t  we  have 
hashed t h i s  t h i n g  around a l o t ,  and c e r t a i n l y  t h e r e  a r e  some 
very c l e v e r  i d e a s  a b o u t  how w e  can  improve t h e  s i g n a l  s t r u c -  
t u r e .  I have h e a r d  some. I p robab ly  h a v e n ' t  heard  them a l l .  
I t h i n k  it i s  p r o b a b l y  t i m e  t o  p u t  i t  on t h e  t a b l e .  I f  I 
could a r g u e  f o r  a n y t h i n g  t h a t  h a s  been s a i d ,  f i r s t  it would 
be to  have  g u a r a n t e e d  a c c e s s  t o  t h e  c o u r s e  a c c e s s  channel .  
Ii I c o u l d  j u s t  g e t  guaran teed  c o u r s e  a c c e s s ,  a s  t h i s  h a s  
now been d e f i n e d ,  I c o u l d  p robab ly  go around w i t h  some o f  my 
i d e a s  arid f i n d  a n  e n t r e p r e n e u r  w i l l i n g  t o  p u t  up some money; 
and maybe i n  a  few y e a r s ,  w e  cou ld  t a l k  abou t  coming o u t  
with a set.  
I f  I c o u l d  a r g u e  f o r  an FAA p o s i t i o n  t h a t  would r e f l e c t  
maybe t h e  g e n e r a l  a v i a t i o n  community, I would want a  l i t t l e  
more power where a n o t h e r  dB or two o r  t h r e e  c o u l d  c u t  expected  
a c c e s s  t i m e  and s e a r c h  t i m e  o r  bandwidths by 50 p e r c e n t ,  o r  
double t h e  a v a i l a b l e  bandwidth. I am, f r a n k l y ,  a  l i t t l e  b i t  
d i s a p p o i n t e d  t o  h e a r  t h a t  t h e  DOT i s  s u p p o r t i n g  one  more look  
a t  a  change i n  t h e  s i g n a l  s t r u c t u r e .  W e  have something now 
wi th  which  w e  c a n  work, and t h e  p l e a  from up h e r e  was, J u s t  
g ive  u s  c e r t a i n t y ;  j u s t  g i v e  us  one c o r n e r s t o n e  t o  s t a n d  
upon; and  from t h e r e ,  l e t  t h e s e  smar t  guys o r  t h e  Japanese ,  
o r  whoever it i s  t h a t  i s  g o i n g  t o  come i n t o  t h i s  a r e a  and 
do a good j o b  g e t  on w i t h  it. 
I f  I c o u l d  recommend a p o s i t i o n  t o  i n f l u e n c e  d e c i s i o n -  
makers, I would s a y  t h a t  w e  shou ld  p l e a d  f i r s t  f o r  t h e  s i m p l e s t  
of  a l l  s o l u t i o n s .  Tha t  would be more power i n  t h e  channel .  I 
t h i n k  t h a t  r. j u l d  do u s  more good t h a n  any th ing .  I would maybe 
a p p r e c i a t e  a  l i t t l e  r e a c t i o n  t o  t h a t .  
M r .  Buige - I t h i n k  w e  have made t h a t  p o i n t  ve ry  c l e a r  
about  more power. I r e c a l l  a n  in fo rmal  meet ing  a month o r  
two a g o  a t  SAMSO when o t h e r  FAA r e p r e s e n t a t i v e s  and I d i s -  
cussed  t h i s  s u b j e c t  w i t h  t h e  s a t e l l i t e  people .  We s a i d  t h a t  
we a c c e p t  t h e  f a c t  t h a t  t h e  system i s  probably  go ing  t o  be 
b u i l t  i n  t h i s  way and t h a t  w e  t h i n k  w e  can l i v e  w i t h  t h e  C/A 
code; however, i f  you want t o  do u s  a f a v o r ,  p u t  m c r r e  dB i n  
the re - - i f  you c a n ' t  g e t  10  dB, whatever  you can .  That  was 
o u r  p o s i t i o n ,  which h a s  never  been o f f i c i a l l y  s t a t e d  o r  o f f i -  
c i a l l y  p u t  o u t  because  t h a t  was a n  in fo rmal  meeting. 
M r .  J e r r y  W. Brad ley ,  FAA O f f i c e  of  Systems E n g i n e e r i n g  
Mana ement - We have gone on r e c o r d  w i t h  t h e  Department o 
' b a t  w e d o  n o t  p l a n  t o  i n t e r f e r e  w i t h  t h e i r  implef 
men ta t ion  o f  t h e i r  p r e s e n t  s i g n a l  s t r u c t u r e .  
The t h i n g  t h a t  w e  have t a l k e d  abou t  i s  t h a t  w e  might 
want t o  a d d  a  package t o  t h e  s a t e l l i t e  f o r  a  c i v i l  s i g n a l .  
T h i s  i s  a  v e r y  remote p o s s i b i l i t y .  A t  t h e  same t i m e ,  w e  went 
o n  r e c o r d  s a y i n g  t h a t  w e  a l s o  would l i k e  to  have i n c r e a s e d  
power. T h i s  i s  i n  t h e  minu tes  o f  t h e  OMB meeting.  
A P a r t i c i p a n t  - W e  have been s t r u g g l i n g  w i t h  t h e  Phase 
I11 s a t e l l i t e  f o r  a b o u t  6 months now, and I p e r s o n a l l y  have 
been f i g h t i n g  f o r  1 0  dB more power. I can  a lmos t  g u a r a n t e e  
t h a t  w e  a r e  go ing  t o  g e t  abou t  7 dB more power i n  b o t h  the 
c l e a r  c h a n n e l  and t h e  P channe l  on L1 and L2. 
With r e g a r d  t o  t h e  o t h e r  p o i n t  t h a t  was made about  l e a v -  
i n g  t h e  s i g n a l  s t r u c t u r e  a l o n e ,  I t h i n k  t h e  C/A code  (a  C/A 
code  c h i p  i s  one- four th  o f  a  P code  c h i p  i n  terms o f  com- 
p l e x i t y ;  i f  w e  made i t  20 t i m e s  a s  l o n g ,  it wouldn ' t  get 
20 times as  b i g )  i s  a  v e r y  poor c h o i c e  when it comes t o  s e l f -  
jamming. It h a s  a b o u t  17  dB o f  c r o s s - c o r r e l a t i o n  between 
t h e  f a m i l y  o f  Gold codes  t h a t  w e  use .  The i d e a  f o r  l e n g t h -  
e n i n g  it i s  t o  r e d u c e  t h e  amount o f  c r o s s - c o r r e l a t i o n .  T h i s  
i s  p a r t i c u l a r l y  i m p o r t a n t  when o p e r a t i n g  i n  a  mixed mode o f  
n a v i g a t i o n .  
One migh t  s a y  t h a t  w e  a r e  go ing  t o  o p e r a t e  a11  t h e  s a t e l -  
l i tes ,  b u t  t h a t  i s  n o t  n e c e s s a r i l y  t r u e .  Somebody may some- 
d a y  want t o  p u t  a  GPS t r a n s m i t t e r  a t  t h e  end o f  a  runway. I f  
t h i s  d i d  o c c u r ,  l e t ' s  s a y  t h a t  a s  you approach such  a  GPS 
t r a n s m i t t e r  you a t t e m p t  t o  a c q u i r e  a d i f f e r e n t  s a t e l l i t e .  
The runway t r a n s m i t t e r  cou ld  be drowninq you o u t  because t h e  
C/A code h a s  poor  c r o s s - c o r r e l a t i o n  c h a r a c t e r i s t i c s .  There 
a r e  o t h e r  c o n s i d e r a t i o n s  l i k e  t h a t .  I am n o t  s u r e  how many 
o t h e r s  t h e r e  a r e  t o  be  t h o u g h t  about .  
A P a r t i c i p a n t  - Did t h i s  s e m i n a r  meet t h e  o b j e c t i v e  o f  
identifying i f  CPS c a n  s a t i s f y  t h e  f u t u r e  n e e d s  o f  g e n e r a l  
a v i a t i o n ?  
M r .  Bui  e - I t h i n k  t h e  p a n e l s  have  s t a t e d  c l e a r l y  t h a t  
t h e y  __p see a se e c t i v e  role f o r  GPS. T h e r e  a r e  a r e a s  i n  t h i s  
c o u n t r y  where  you c a n ' t  n a v i g a t e  v e r y  w e l l  a t  low a l t i t u d e s ,  
and it would b e  a n i c e  f i l l e r .  The re  a r e  p e o p l e  who p r o b a b l y  
want t o  f l y  t h e  o c e a n  who would u s e  it. The t h i n g  I d i d n ' t  
g e t  o u t  o f  t h i s  p a n e l  i s  w h e t h e r  o r  n o t  g e n e r a l  a v i a t i o n  i s  
g o i n g  t o  f l y  GPS, 
I f  GPS g o e s  up and  becomes o p e r a t i o n a l ,  somebody i n  gen- 
e r a l  a v i a t i o n  i s  g o i n g  t o  f l y  GPS. The f i r s t  guy t h a t  p u r c h a s e s  
a r e c e i v e r  i s  g o i n g  t o  be one  o f  M r .  F red  M c I n t o s h ' s  boys  who 
h a s  a je t ;  $ 2  m i l l i o n ,  $ 3  m i l l i o n  i n  t h e r e ;  a n d  wan t s  t o  go 
anywhere a t  a n y  t i m e .  I t  would be  t h e  l a t e s t  " g o l d - p l a t e d "  
box; it w i l l  b e  i n  h i s  a i r p l a n e ,  and h e  w i l l  f l y  it. T h a t  
i s  a  v e r y  select marke t .  
I t h i n k ,  r e a l i s t i c a l l y ,  w e  have t o  w a i t  a n d  see where 
GPS g o e s ,  where t h e  t e c h n o l o g y  g o e s ,  who w a n t s  it, when t h e y  
want i t ,  and  why t h e y  want  it, 
I t h i n k  t h a t  i s  a  much b r o a d e r  i s s u e .  We h e a r  t h a t  b o a t s  
may u s e  GPS. T h e r e  a r e  a l a r g e  number o f  b o a t s  o u t  t h e r e .  
Maybe t h e y  wan t  i t ,  and  maybe t h e y  w i l l  d r i v e  t h e  cost  down 
t o  where  it w i l l  b e  a t t r a c t i v e  t o  somebody else; b u t  w e  d o n ' t  
know. 
I t h i n k  t h e  i d e a  h e r e  a t  t h i s  m e e t i n g  was t o  g e t  t h e  
e n t i r e  community--the t e c h n o l o g i s t s ,  t h e  b u r e a u c r a t s ,  t h e  
u s e r s ,  and  t h e  b u i l d e r s - - a l l  t o g e t h e r  a t  one  t i m e  t o  d i s c u s s  
t h e  i s s u e s .  No r e a l  c o n c l u s i o n  t o  t h e  s emina r  i s  a n t i c i p a t e d .  
The s e m i n a r  was t o  p l a n t  some s e e d s ,  p e r h a p s  p u t  a  c h a l l e n g e  
o u t  t h e r e .  T h e r e  i s  no  s p e c i f i c  g o a l  s u c h  a s  t o  d e t e r m i n e  
t h a t  t h e r e  i s  a  c o n s e n s u s  which i s  e i t h e r  p r o  GPS o r  a g a i n s t  
GPS t o  s o l v e  t h e  p rob lems  o f  g e n e r a l  a v i a t i o n .  W e  a r e  n o t  
t r y i n g  t o  set  p o l i c y .  We a r e  n o t  t r y i n g  t o  make a  d e c i s i o n .  
We a r e  t r y i n g  t o  g e t  a l l  o f  you p e o p l e  t o g e t h e r  t o  t a l k  t o  
o n e  a n o t h e r .  The r e a s o n  A e r o s a t  d i e d  w a s  b e c a u s e  w e  n e v e r  
d i d  t h i s  i n  A e r o s a t .  S i m i l a r l y ,  t h e  r e a s o n  o t h e r  p r o j e c t s  
have  d i e d  or  t h e  r e a s o n  p r o j e c t s  t h a t  p r o b a b l y  s h o u l d n ' t  b e  
go ing  o n  go  on i s  b e c a u s e  we d i d  n o t  do  t h i s ,  
T h i b  i s  p r o b a b l y  j u s t  t h e  f i r s t  o f  many o f  t h e s e  semi- 
n a r s ,  a n d  I h o p e  t h a t  w e  h a v e  s u c c e e d e d  i n  q ' - t i n g  p e o p l e  t o  
t a l k  a n d  t h i n k  a b o u t  t h i s  s u b j e c t  a n d  t h a t  w e  w i l l  see som? 
i n t e r a c t i o n - - s o m e  Government  i n t e r a c t i o n ,  G o v e r n m e n t / i n d u s t r y  
i n t e r a c t i o n - - a n d ,  a s  a r e s u l t ,  maybe w e  a l l  w i l l  know where  
t o  g o  f r o m  h e r e .  
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